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INTRODUCTORY  STATEMENT 


The  function  of  this  report  is  to  outline  the  levels  of  23 
substances  (mostly  metals)  that  are  found  in  various  types  of 
vegetation  growing  on  mineral  waste  (tailings)  disposal  areas  in 
Ontario.    Specifically,  this  report  involves  itself  with  19  species 
of  vegetation  growing  on  62  mineral  waste  disposal  areas  in  the 
Province.    Relevant  background  samples  of  the  species  of  vegetation 
investigated  are  also  discussed. 

Because  of  the  common  occurrence  of  the  vegetation  sampled  for  this 
report,  the  findings  of  this  study  may,  to  some  extent,  be 
extrapolated  to  other  industrial  or  municipal  waste  disposal  sites 
in  the  Province. 


IMPORTANT  NOTES 


(1)  Unless  otherwise  indicated,  all  analytical  results  given  in 
this  report  are  expressed  as  "parts  per  million". 

(2)  All  vegetation  analytical  results  quoted  in  this  report  are 
based  on  the  Dry  Weight  of  the  vegetation  in  question. 

(3)  The  symbol  "  -  "  appearing  before  a  result  (i.e.  -  0.5  ppm) 
means  "less  than". 

(4)  The  symbol  "  =  "  appearing  before  a  result  (i.e.  =  0.5  ppm) 
means  "greater  than". 

(5)  Only  the  above-ground  portions  of  plants  were  sampled  for 
this  study.    Samples  of  roots  or  root  systems  were  not  taken. 

(6)  The  vegetation  samples  were  not  washed  prior  to  analysis. 
All  samples  were  visually  clean  at  the  time  of  collecting. 

(7)  In  general,  the  vegetation  sampled  for  this  report  was 
growing  in  areas  remote  from  the  influence  of  active 
smelters,  refineries  and  similar  sources  of  airborne 
contaminants. 

(8)  Only  specimens  of  roughly  the  same  age,  maturity  of  foliage 
and  coming  from  similar  positions  on  the  plants  being  sampled 
were  collected. 

(9)  Relevant  background  (vegetation)  samples  were  taken  in 
selected  locations  around  the  Province.    The  word  "Paleozoic" 
or  "Precambrian"  is  appended  to  each  background  analytical 
result.    The  word  "Paleozoic"  indicates  that  the  vegetation 
sampled  was  growing  in  an  area  underlain  by  Paleozoic 
bedrock.    Similarly,  "Precambrian"  indicates  that  the 
vegetation  sampled  was  growing  in  an  area  underlain  by 
Precambrian  bedrock. 
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EXECUTIVE  SUMMARY 


At  the  present  time,  over  25,000  acres  of  land  in  Ontario  are 
covered  by  finely  divided  mineral  processing  wastes  called 
"tailings".    Exposed  tailings  areas  can  give  rise  to  a  number  of 
environmental  problems  including  the  following: 

(1)  Leaching  of  contaminants  with  the  subsequent  impairment  of 
downstream  areas  and  ground  water  etc. 

(2)  Erosion;  failure  of  tailings  dams  and  decant  structures. 
Large  volumes  of  contaminated  sediments  can  be  carried  to 
downstream  areas. 

(3)  Blowing  of  contaminated  tailings  to  areas  remote  from  the 
original  disposal  site. 

(4)  Contamination  of  vegetation  and  animal  life  by  metal  uptake 
and  bio-accumulation. 

One  popular  and  useful  solution  to  many  of  these  problems  is  the 
reclamation  of  mineral  waste  disposal  areas  by  revegetation. 

Properly  carried  out,  revegetation  of  inactive  disposal  sites  can: 

(1)  Provide  a  self-maintaining  permanent  cover. 

(2)  Prevent  erosion  (by  water  and/or  wind). 

(3)  Reduce  or  eliminate  seepage  and/or  runoff. 

(4)  Return  a  despoiled  site  to  an  aesthetically  pleas.ing 
condition. 

(5)  In  some  cases,  permit  alternate  uses  of  the  site  (parkland, 
etc. ) 
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All  revegetation  strategies,  however,  must  take  into  consideration 
two  vital  facts: 

(1)  Mineral  tailings  frequently  contain  significant  amounts  of 
environmentally  reactive,  hazardous  and/or  toxic 
substances,  and 

(2)  Plants  (and  animals)  sometimes  exhibit  an  ability  to 
concentrate,  within  their  structures,  abnormal  amounts  of 
environmentally  undesirable  substances. 

An  investigation  into  (1)  above  resulted  in  a  Ministry  of 
"Environment  report  entitled  "The  Chemical  Characteristics 
Tailings  in  the  Province  of  Ontario  (J.R.  Hawley;  1979). 
is  the  subject  of  this  report. 

Current  technical  literature  abounds  with  references  thdt  note  high 
metal  levels  in  plants  growing  on  mine  waste  disposal  areas.  Most 
of  these  references,  however,  share  one  common  failing.    While  the 
references  in  question  state  the  level  of  a  particular  substance 
(usually  a  metal)  in  a  specific  type  of  plant  growing  on  a  mine 
waste  disposal  area,  the  same  references  usually  fail  to  mention  the 
average  level  of  the  substance  being  discussed  in  the  plant  when 
that  plant  is  not  growing  on  a  mine  waste  disposal  site.    In  other 
words,  the  natural  background  level  of  the  substance  in  the  plant  is 
usually  ignored.    Conclusions  based  on  this  type  of  data  can  be 
mi  s 1 ead  i  ng . 

The  main  function  of  this  report  is  to  outline  the  levels  of  23 
substances  (mostly  metals)  that  are  found  in  various  types  of 
vegetation  growing  on  mineral  waste  disposal  areas  in  Ontario.  This 
is  done  in  the  "Detailed  Summary"  and  in  "Appendix  B"  of  this  report. 


the 

of  Mineral 
(2)  above 
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Certain  broad  observations  can  be  made  from  the  detailed  data 
presented  in  this  report: 

(a)  In  approximately  21%  of  the  cases  examined  during  the 
production  of  this  report,  parameter  levels  in  the 
"background"  plants  were  higher  than  the  parameter  levels 
in  plants  growing  on  mine  waste  disposal  sites. 

(b)  In  approximately  36%  of  the  cases  examined  during  the 
production  of  this  report,  there  did  not  appear  to  be  any 
significant  difference  between  the  parameter  levels  noted 
in  "background"  plants  and  the  levels  noted  in  plants 
growing  on  mine  waste  disposal  sites. 

When  (a)  and  (b)  are  taken  together,  it  appears  that  in 
more  than  one-half  (57%)  of  the  cases  examined  during  the 
production  of  this  report,  parameter  levels  in  plants 
growing  on  mine  waste  disposal  sites  were  equal  to  or  lower 
than  the  levels  found  in  comparable  "background"  plants. 

(c)  Parameter  levels  in  plants  growing  on  mine  waste  disposal 
sites  were  greater  than  the  levels  in  comparable 
"background"  plants  in  only  43%  of  the  cases  examined. 
While  these  cases  are  a  definite  cause  for  concern,,  it 
should  be  noted  that,  in  a  great  many  of  the  129  cases 
falling  into  this  category,  the  differences  in  parameter 
levels  were  not  spectacular.    Sixteen  of  the  cases  were 
questionable. 

(d)  Of  the  23  parameters  investigated,  only  7  appear  to  present 
problems  or  potential  problems.    In  alphabetical  order, 
these  are: 

(1)  Arsenic  (5)  Molybdenum 

(2)  Cobalt  (6)  Nickel 

(3)  Copper  (7)  Zinc 

(4)  Lead 
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(e)  Arsenic,  molybdenum  and  nickel  appear  to  give  rise  (in  the 
order  quoted)  to  the  greatest  potential  environmental 
problems  (contamination  of  vegetation).    Levels  of  these 
substances  in  plants  growing  on  mine  waste  disposal  sites 
were  consistently  higher  than  levels  in  comparable 
"background"  plants. 

(f)  Following  arsenic,  molybdenum  and  nickel,  cobalt  is  of 
concern.    The  frequency  of  elevated  levels  of  cobalt  (in 
plants  growing  on  mine  wastes)  is  somewhat  less  than  that 
of  nickel  but  not  greatly  so. 

(g)  Zinc  and  copper  follow  cobalt.    On  the  basis  of  the 
frequency  of  elevated  levels  in  plants  growing  on  mine 
wastes,  zinc  and  copper  appear  to  be  almost  identical. 
Zinc,  however,  tends  to  display  some  spectacular  excesses 
and,  therefore,  may  be  of  greater  concern  than  copper. 

(h)  In  order  of  importance,  lead  appears  last  on  the  list  of 
7  parameters  of  concern.    Lead  has  the  potential  to  be  a 
significant  environmental  problem  because  of  it's  known 
toxicity.    However,  in  the  case  of  plants  growing  on  mine 
wastes  in  Ontario,  this  potential  does  not  seem  to  be 
routinely  realized. 

(i)  While  only  7  of  the  23  parameters  investigated  appear  to 
give  rise  to  the  possibility  of  routine  potential 
environmental  problems,  most  other  parameters  did  exhibit 
excesses  on  infrequent  occasions. 

(j)    It  is  apparent  that  one  logical  way  to  minimize 

environmental  problems  due  to  contamination  of  vegetation 
by  metals  etc.,  is  to  ensure  that,  in  any  revegetation 
.  scheme  planned,  more  than  one  species  of  vegetation  is 
used.    It  is  obvious  that  if  a  single  species  of  vegetation 
were  to  be  used  to  reclaim  a  large  mine  waste  site  and  the 
species  in  question  was  susceptible  to  contamination  by. 
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for  example,  arsenic,  serious  problems  with  domestic  or 
wild  grazing  animals  etc.,  could  result.    If,  instead,  five 
species  of  vegetation  were  used  and  only  one  was 
susceptible  to  uptake  of  arsenic,  the  overall  problem  would 
be  greatly  reduced.    In  the  long  term,  nature  usually 
assures  a  diversity  of  vegetation  in  any  area. 
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DETAILED  SUMMARY 


This  detailed  summary  outlines,  on  a  parameter-by-parameter 
basis,  the  levels  of  each  parameter  investigated  in  the  19  species 
of  vegetation  collected.    For  example,  copper  levels  in  all  plant 
species  sampled  are  reported  under  the  single  title  of  "copper". 
Background  copper  data  are  also  given. 

On  the  other  hand,  the  complex  chemistry  of  each  vegetation 
sample  collected  during  this  study  is  reported  in  Appendix  B  and  is 
arranged  according  to  the  species  of  vegetation  being  discussed. 
For  example,  the  complex  chemistry  of  all  individual  samples  of 
Field  Horsetail  collected  is  reported  in  Appendix  B  under  the  title 
of  "Field  Horsetail".    Background  data  are  also  reported. 
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ALUMINUM 


ALUMINUM 

LEVELS  (ppm) 

in  Vegetation 

Vegetation 
Type 

Tailings             Average  concentration 
Type                       or  (range) 

Ratio 
Veg. /Tai 1 i  ngs 

Cattail 
(1  eaves ) 

Gold 

(Non-Acid) 

30.4 

0.00 

Urani  urn 
(Non-Acid) 

19 

0.00 

Acid  Sulphide 
(Cu,  Pb,  Zn,  Ni) 

108 

0.01 

Sulphide  (Cu) 
(Non-Acid) 

81 

0.00 

Silver  (As) 
(Non-Acid) 

36 

0.00 

Background 

Pal eozoi  c 

51 

Horsetail 
(excl uding 
roots) 

Gold 

(Non-Acid) 

Silver  (As) 
(Non-Acid) 

59 
37 

0.00 
0.00 

Acid  Sulphide 
(Cu,  Pb,  Zn,  Pt) 

133 

0.00 

Uranium 
(Non-Acid) 

98 

0.00 

Sulphide  (Cu) 
(Non-Acid) 

29 

0.00 

Background 

Paleozoic 

53 

Birch 
(leaves) 

Gold 

(Non-Acid) 

42 

0.00 

Uranium 

(Acid) 

(Non-Acid) 

53 
46 

0.00 

n  nn 
u .  uu 

Acid  Sulphide 
(Cu,  Ni) 

68 

0.00 

Background 

Paleozoic 
Precambrian 

67 

126 
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Pop! ar 
(leaves) 

Gold 

(Non-Acid) 

A  C 

46 

U.  UU 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

(110  to  128). 

0.00 

Silver  (As) 
(Non-Acid) 

57 

0.00 

Background 

Paleozoic 
Precambrian 

54 
52 

Tamarack 
(needl es ) 

Gold 

(Non-Acid) 

40 

0.00 

Basswood 
(Leaves) 

Gold 

(Non-Acid) 

92  ^ 

0.00 

Aspen 
(leaves) 

Gold 

(Non-Acid) 

29 

0.00 

Background 

Paleozoi  c 

50 

Oak 

(leaves) 

Smelting  & 
Ref i  ni  ng 
Residue 
(Co,  Ag,  As) 

107 

0.2 

Mustard 

(leaves,  stems) 

Acid  Sulphide 
(Cu ,  Ni  ) 

137 

0.01 

Fl eabane 
(leaves,  stems, 
f 1 owers) 

Smelting  & 
Refining 
Residue 
(Co,  Ag,  As) 

62 

0.1 

Background 

Paleozoic 

.  57 

Vetch 

(leaves,  stems, 
f 1 owers ) 

Background 

Paleozoic 

57 
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Mapl  e 
(1  eaves ) 

Sulphide  (Cu) 
(Non-Acid) 

41 

0.00 

Gold 

(Non-Acid) 

52 

0.00 

Refinery  (As) 
Residue 

41 

0.07 

Background 

Pal eozoi  c 
Precambrian 

52 
35 

Wi 1 1 ow 
(leaves) 

Gold 

(Non-Acid) 

33 

0.00 

Background 

Paleozoic 

60 

Trefoi 1 

(leaves,  stemsj 
f 1 owers ) 

Uranium 

(Acid) 

Silver  (As) 
(Non-Acid) 

(45  to  60) 
(56  to  115) 

0.0 

0.00 

Gold 

(Non-Acid) 

81 

0.01 

Background 

Paleozoic 

66 

Purple  Clover 
(leaves,  stems, 
f 1 owers ) 

Gold 

(Non-Acid) 

Acid  Sulphide 
(Cu,  Ni) 

125 
50 

0.02 

Background 

Paleozoic 

98 

Yellow  Sweet 
CI  over 

(leaves,  steins, 
f  1  owers ) 

Gold 

(Non-Acid) 

Acid  Sulphide 
(Cu,  Ni ,  Pb,  Zn) 

38 
63 

0.00 
0.00 

Background 
(white  sweet 
cl over) 

Paleozoic 

50 
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Evergreen 
(need1 es ) 

Gold 
.  (Non-Acid) 

60  (fir) 
72  (pine) 

0.01 
0.00 

Background 

Paleozoic 

52  (pine) 

Grasses 

(excluding 

roots) 

Uranium 
(Acid) 

Gold 

(Non-Acid) 

49 

.      (15  to  275) 

0.00 
0.01 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

101 

0.01 

bulpnide  [Lu) 
(Non-Acid) 

30  - 

0.00 

Refinery  (As) 
Residue 

92 

0.2 

Background 

Paleozoic 

69 
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ARSENIC 


ARSENIC 

LEVELS  (ppn) 

in  Vegetation 

Vegetation 
Type 

Tai 1 i  ngs 
Type 

Average  concentration 
or  (range) 

Rati  0 
Veg. /Tai 1 i  ngs 

Cattail 
(leaves) 

Gold 

(Non-Acid) 

1.1 

0.01 

Uranium 

(Non-Acid) 

(Acid) 

(0.2  to  3) 
3 

0.0  to  0.2 
0.2 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

-4.1 

-0.01 

Sulphide  (Cu) 

\  INOn-MC  1  Q  ) 

n  nn 
u .  uu 

Silver  (As) 
(Non-Acid) 

(1  to  6.00) 

0.00 

Background 

Paleozoic 

0.06 

Horsetail 
(excl udi  ng 
roots) 

Gold 

(Non-Acid) 

Silver  (As) 
(Non-Acid) 

(0.10  to  420) 
176 

0.01 
0.02 

Acid  Sulphide 
(Cu,  Pb,  Zn,  Pt) 

(0.11  to  3) 

0.00  to  0.01 

Uranium 

^INUll"HC  1  U  ] 

u .  uu 

Sulphide  (Cu) 
(Non-Acid) 

16  . 

0.08 

Background 

Paleozoic 

0.15 

Bi  rch 
(1  eaves) 

Gold 

(Non-Acid) 

■   (0.20  to  480) 

0.01 

Uranium 

(Acid) 

(Non-Acid) 

0.17 
0.44 

0.00 
0.00 

Acid  Sulphide 
(Cu,  Ni) 

0.46 

0.01 

Background 

Paleozoic 
Precambrian 

0.08 
0.24 
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Poplar 
(Leaves ) 

Gold 

(Non-Acid) 

0.3 

0.00 

Acid  Sulphide 
(Cu,  Pb,  Zn,  Ni) 

(0.07  to  6.3) 

0.00  to  0.02 

Silver  (As) 
(Non-Acid) 

10.00 

0.00 

Uranium 

(Acid) 

(Non-Acid) 

-1 

(-1  to  3) 

=  .2? 

0.00  to  -0.1 

Background 

Paleozoic 
Precambri  an 

0.08 
0.20 

Goldenrod 
(leaves,  stems> 
fl owers) 

Gold 

(Non-Acid) 

Urani  urn 
(Non-Acid) 

3.7 

(-1  to  5) 

0.04 

-0.00  to  0.3 

Tamarack 
(needl es ) 

Gold 

(Non-Acid) 

16.0 

0.00 

Basswood 
(leaves) 

Gold 

(Non-Acid) 

0.18 

0.00 

Aspen 
(leaves) 

Gold 

(Non-Acid) 

0.17 

0.00 

Background 

Paleozoic 

0.18 

Oak 

(1  eaves ) 

Smelting  2( 
Ref i  ni  ng 
Residue 
(Co,  Ag,  As) 

10 

0.00 

Mustard 

(leaves,  stems, 
f 1 owers ) 

Acid  Sulphide 
(Cu,  Ni) 

0.20 

0.00 

Fl eabane 
(leaves,  stems, 
fl owers ) 

Smelting 
Ref i  ni  ng 
Residue 
(Co,  Ag,  As) 

270  . 

0.01 

Background 

Paleozoic 

0.10 

-  14  - 

Vetch 

(leaves,  stems, 
flowers) 

Acid  Sulphide 
(Cu) 

-1 

-0.00 

Background 

Paleozoic 

0.07 

Maple 
(1  eaves) 

Sulphide  (Cu) 
(Acid) 

20 

0. 1 

Gold 

(Non-Acid) 

•  4.60 

0.01 

Refinery  (As) 
Residue 

20 

0.00 

Background 

Paleozoic 
Precambrian 

0.06 

0.12 

Wi 1 1 ow 
( 1  eaves ) 

Gold 

(Non-Acid) 

0.27 

0.00 

Background 

Paleozoi  c 

0.08 

Purple 
CI  over 

(leaves,  stems* 
f 1 owers ) 

Gold 

(Non-Acid) 

Acid  Sulphide 
(Cu,  Ni) 

0.4 

0.04 

0.00 

Background 

Paleozoic 

n.i2 

Sweet  Yellow 
CI  over 

(leaves,  flowers, 
stems ) 

Gold 

(Non-Acid) 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

6 

-1.9 

0.1 
-0.02 

Urani  um 

(Acid) 

-1 

0.01 

Background 
(sweet  white 
cl over ) 

Pal eozoi c 

0.07 

Evergreen 
(needl es ) 

Gold 

(Non-Acid) 

3  (spruce) 
280  (fir) 
0.60  (pine) 

0.00 
0.08 
0.00 
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Uranium 
(Non-Acid) 

2  (Jack  pine) 

0.1 

Background 

Pal eozoi  c 

0.03  (pine) 

Trefoi 1 

(leaves,  flowers, 
stems ) 

Urani  urn 
(Acid) 

Silver  (As) 
(Non-Acid) 

(0.08  to  2) 
(12.4  to  19) 

0.00  to  0.1 
0.00  to  0.3 

Gold 

(Non-Acid) 

0.88 

0.00 

tjacKgrouna 

r a  i  eOZO 1 C 

brasses 
(excl uding 
roots) 

uran 1 um 

(Acid) 

(Non-Acid) 

0.9 

(-1  to  2) 

0.01 

-0.1  to  0.1 

Gold 

(Non-Acid) 

2.6 

0.03 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

0.24 

0.00 

Sulphide  (Cu) 
(Non-Acid) 

3.25 

0.02 

Refinery  (As) 
Residue 

(90  to  1,500) 

0.00  to  0.04 

Background 

Paleozoic 

0.12 
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BORON 


RORON 

LEVELS  (ppm) 

in  Vegetation 

Vegetati  on 
Type 

Tai 1 i  ngs 
Type 

Average  concentration 
or  (range) 

Ratio 
Veg. /Tai 1 i  ngs 

Cattail 
( 1  eaves ) 

Gold 

(Non-Acid) 

Uranium 
(Non-Acid) 

27 
20 

0.4 

Acid  Sulphide 
(Cu,  Ni,  Ph,  Zn) 

23 

0.1 

Sulphide  (Cu) 
(Non-Acid) 

19 

0.2 

Silver  (As) 

29 

0.4 

Background 

Paleozoic 

21.5 

Horsetai 1 
(excl udi  ng 
roots) 

Gold 

(Non-Acid) 

Silver  (As) 
(Non-Acid) 

37 
36 

0.5 
0.4 

Acid  Sulphide 
(Cu,  Pb,  Zn,  Pt) 

21 

0.2 

Uranium 
(Non-Acid) 

32 

0.4 

Sulphide  (Cu) 
(Non-Acid) 

33 

0.3 

Background 

Paleozoic 

37 

Birch 
(leaves) 

Gold 

(Non-Acid) 

39 

0.5 

Uranium 
'  (Acid) 
(Non-Acid) 

56 
380 

0.5 
4.5 

Acid  Sulphide 
(Cu,  Ni) 

60 

0.6 

Background 

Paleozoi  c 
Precambrian 

52 
205 

-  17  - 


Poplar 
f 1  eaves ) 

Gold 

(Non-Acid) 

51.2 

0.  7 

Acid  Sulphide 
(Cu,  Ni ,  Pb,  Zn) 

(27.0  to  47) 

0.3  to  0.6 

Silver  (As) 
(Non-Acid) 

54 

0.7 

Background 

Paleozoic 
Precambrian 

58 
50 

Tamarack 
(needl es ) 

Gold 

(Non-Acid) 

35 

0.7 

Basswood 
(leaves) 

Gold 

(Non-Acid) 

52 

0.5 

Aspen 
(leaves) 

Gold 

(Non-Acid) 

136 

1.7 

Background 

Paleozoic 

48 

Oak 

(leaves) 

Smelting  & 
Refining 

Residue  (Co,  Ag,  As) 

205 

=  10.3 

Mustard 

Mpaupc  flowers 
stems ) 

Acid  Sulphide 
fCu ,  Ni ) 

\          W    J         111  J 

26 

0.3 

Fleabane 

(leaves,  flowers, 
stems) 

Smelting  & 
Refining  Residue 
(Co,  Ag,  As) 

87 

=  4.4 

Background 

Paleozoic 

57 

Vetch 

(leaves,  flowers, 
stems ) 

Background 

Paleozoic 

42 

-  18  - 


Mapl  e 
[ 1 ea  ves  j 

Sulphide  (Cu) 

\  nun -MC  1 U  j 

1 

i  O  J 

1  ft 

Gold 

(Non-Acid) 

84 

Refinery  (As) 
Residue 

185 

=9.3 

Background 

Pal eozoi  c 
Precambrian 

67 
56 

Wi 1 1 ow 
(leaves) 

Gold 

(Non-Acid) 

67 

0.7 

Background 

Paleozoic 

66 

Tref oi 1 

(Leaves,  stems, 

\    1  WWC 1   O  J 

Uranium 

fAci  d ) 

(32  to  45) 

0  3  to  =  2  3 

Silver  (As) 
(Non-Acid) 

(21  to  24) 

0.2  to  0.3 

Gold 

(Non-Acid) 

42.4 

0.5 

Background 

Paleozoic 

59 

Purple 
CI  over 

(leaves,  flowers, 
stems) 

Gold 

(Non-Acid) 

Acid  Sulphide 
(Cu,  Ni) 

33 
16 

0.4 

R^rl^nrniinH 

Dal pn7 n i  r 

Yellow  Sweet 
CI  over 

(leaves,  stems, 
flowers) 

Gold 

(Non-Acid) 

28 

0.28 

Dd  LK.  y  1  UU  IIU 

r  d 1 cUZU 1 L 

97 

Evergreen 
(needles) 

Gold 

(Non-Acid) 

25  (fir) 
17  (pine) 

=  1.3 
0.2 

Background 

Paleozoic 

19  (pine) 

-  19  - 


Grasses 
(excl uding 
roots) 


Background 


Urani  um 

(Acid)  8.3 
Gold 

(Non-Acid)  20.4 

Acid  Sulphide 

(Cu,  Ni,  Pb,  Zn)  16 

Sulphide  (Cu) 

(Non-Acid)  17  . 

Refinery  (As) 

Residue  14 

Paleozoic  9 


=  U.4 
0.2 
0.4 
0.2 
=  0.7 
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CADMIUM 


CADMIUM 

LEVELS  (ppm) 

in  Vegetation 

Vegetati  on 
Type 

Tailings             Average  concentration 
Type                       or  (range) 

Rati  0 
Veg. /Tai 1 i  ngs 

Cattail 
(Leaves) 

Gold 

(Non-Acid) 

-0.08 

-0.1 

Uranium 

(Non-Acid) 

(Acid) 

(0.08  to  -1) 
-1 

0.08  to  -0.5 
-0.5 

Acid  Sulphide 
(Cu ,  Ni ,  Pb,  Zn) 

-0.4 

-0.2 

Sulphide  (Cu) 
(Non-Acid) 

-0.08 

-0. 09 

Silver  (As) 
(Non-Acid) 

(-0.08  to  -1) 

-0.07  to  -0.5 

Background 

Paleozoic 

-0.08 

Horsetai 1 
(excl udi  ng 
roots) 

Gold 

(Non-Acid) 

-0.17 

-0.1 

Silver  (As) 
(Non-Acid) 

-O.OS 

-0.07 

Acid  Sulphide 
(Cu,  Pb,  Zn,  Pt) 

(-0.08  to  -1) 

-0.3 

Uranium 
(Non-Acid) 

-0.08 

n  no 

-U.  u8 

Sulphide  (Cu) 
(Non-Acid) 

-0.08 

-0.01 

Background 

Paleozoic 

0.17 

Bi  rch 
(Leaves) 

Gold 

(Non-Acid) 

-.0.3 

-0.2 

Urani  un 

(Acid) 

(Non-Acid) 

-0.08 
0.42 

-0.27 
0.42 

Acid  Sulphide 
(Cu,  Ni) 

0.42 

0.1 

Background 

Paleozoic 
Precambrian 

0.25 
0.83 

-  21  - 


Pop] ar 
(Leaves) 

Gold 

(Non-Acid) 

0.6 

0.5 

Acid  Sulphide 
(Cu,  Pb,  Zn,  Ni) 

(3.17  to  20.0) 

1.4  to  1.7 

o  11  ver  ^ AS ; 
(Non-Acid) 

0.58 

0.5 

Urani  um 

(Acid) 

(Non-Acid) 

-1 
-1 

=  0.5? 

=  0.5?  to  -1.0 

Background 

Paleozoic 
Precambri  an 

0.79 
1.83 

Golden  rod 
(leaves,  sterns, 
flowers) 

Gold 

(Non-Acid) 

Uranium 
(Non-Acid) 

-1 

(-1  to  2) 

-2.2 

-1  to  =1 

Tamarack 
(needles) 

Gold 

(Non-Acid) 

0.17 

0.3 

Basswood 
(leaves) 

bO  1  a 

(Non-Acid) 

0.58 

1.0 

Aspen 
(leaves) 

Gold 

(Non-Acid) 

0.67 

1.1 

Background 

Paleozoic 

0.83 

Oak 

(Leaves) 

Smelting  and 
Ref i  ni  ng 
Residue 
(Co,  Ag,  As) 

-0.08 

-0.04 

Mustard 

(leaves,  stems, 
f 1 owers ) 

Acid  Sulphide 
(Cu,  Ni) 

-0.08 

1 

-0.02 

Fleabane 

(leaves,  flowers, 
stems) 

Smelting  and 
Refining 
Residue 
(Co,  Ag,  As) 

-0.08 

-0.04 

Background 

Paleozoic 

0.42 

-  22  - 


Vetch 


(leaves,  stems, 
flowers) 

Sulphide  (Cu) 
.  (Acid) 

-1 

-0.5 

Background 

Pal eozoic 

0.33 



Mapl  e 
(leaves) 

Sulphide  (Cu) 
(Non-Acid) 

-0.08 

-0.09 

Gold 

(Non-Acid) 

-0.08 

-0.1 

Refinery  (As) 
Residue 

-0.08 

-0.04 

Background 

Paleozoic 
Precambrian 

-0.08 
0.30 

Wi 1 1 ow 
(leaves) 

Gold 

(Non-Acid) 

1 

2 

Background 

Paleozoic 

3.17 

Trefoil 

(leaves,  stems, 
flowers) 

Uranium 
(Acid) 

Silver  (As) 
(Non-Acid) 

(-0.08  to  -1) 
-0.08 

=  0.1  to 

-0.07  to 

-0.5 
-0.1 

Gold 

(Non-Acid) 

-0.11 

-0.2 

Background 

Paleozic 

0.08 

Purple  Clover 
(leaves,  stems, 
f 1 owers) 

Gold 

(Non-Acid) 
Acid  Sulphide 
(Cu,  Ni) 

-1.1 

-0.08 

-0.4 

Background 

Paleozoic 

■  -0.4  ' 

Sweet  Yellow 
Cl over 

(leaves,  stems, 
f 1 owers ) 

Gold 

(Non-Acid) 

-1 

-3.3 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

-0.7 

-1.3 

-  23  - 


Uranium 
(Acid) 

-1 

-3.3 

odCKy rounu 

Dal  onTni  /* 

l_  V c  1  y  1  Ctrl  1 

(needles) 

(Non-Acid) 

-1  (spruce) 
-0.08  (fir) 
0.17  (pine) 

-0.5 

-0.04 

0.02 

Urani  um 
(Non-Acid) 

-1  (Jack  pine) 

-0.5 

DdLI\  y  1  uu  riu 

-0  08 

Of  d o o c o 

(excl uding 
roots ) 

Uranium 
(Acid) 

(  Wnn- Ar 1 H  ^ 

-0.4 
_i 

-0.2 

—  U.J 

Gold 

( Nnn-flr  i  H  ^ 

-fl  ^ 

Acid  Sulphide 

( Cw      Mi      Dh  7n^ 

-Co 

n  7 
-u .  / 

Sulphide  (Cu) 
(Non-Acid) 

0.33 

0.4 

Refinery  (As) 
Residue 

(0.08  to  -1) 

=  0.04  to  -0.5 

Background 

Pal eozoi  c 

-0.08 

-  24  - 


CALCIUM 


CALCIUM 


LEVELS  (ppm)  in  Vegetation 


Vegetation 
Type 


Tai 1 ings 
Type 


Average  concentration 
 or  (range)  


Rati  0 
Veg. /Tai 1 i  ngs 


Cattail 
(1  eaves ) 


Background 


Gold 

(Non-Acid) 

Uranium 
(Non-Acid) 

Uranium 
(Acid) 

Sul phide 
(Acid) 

(Cu,  Ni,  Pb,  Zn) 

Sulphide 
(Non-Acid) 

Si  1 ver 
(arsenic) 

(Paleozoic) 


10,438 

(9,400  to  15,400) 
24,400 

10,025 
11,600 

(8,700  to  18,500) 
15,000 


4.3 

0.6  to  25 
0.8 

3.9 
2.8 

1.8  to  4.4 


Horsetai 1 
(excl udi  ng 
roots) 


Background 


Gold 

(Non-Acid) 

Silver  (arsenic) 
(Non-Acid) 

Acid  Sulphides 
(Cu,  Ni ,  Pb,  Zn) 

Uranium 
(Non-Acid) 

Copper  Sulphide 
(Non-Acid) 

Paleozoic 


27,133 


17,433 


38,000 

34,000 
38,500 


13 


3.5 


(25,300  to  31,500)         11  to  14.3 


102 


8.3 


Birch 
(1  eaves) 


Gold 

(Non-Acid) 

Urani  um 
(Non-Acid) 

Urani  um 
(Acid) 


15,400 


22,200 


11,000 
-  25  - 


3.9 
59 

112 


Acid  Sulphide 
(Cu,  Ni) 


12,400 


3.3 


BdCKyrouna 

r a  1 eozoi c 
Precambrian 

1  c;  Tnn 

i  D  ,  oUU 

15,000 

Poplar 
(leaves) 

Gold 

(Non-Acid) 

12,413 

5e9 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

(18,400  to  23,400) 

4.9  to  9.9 

Si  1 ver 
(Non-Acid) 

17,700 

3.6 

Uranium 
(Acid) 

24,000 

12.6 

Urani  um 

\  INOn  -  AC  1  Q  J 

CO , DUU 

u.  y  to  oc. , o 

Background 

Paleozoic 
Precambrian 

20,100 
28,000 

Golden  rod 
(leaves,  flowers, 
stems ) 

Gold 

(Non-Acid) 

17,567 

7.5 

Urani  um 
(Non-Acid) 

(16,700  to  20,000) 

1.4  to  53 

Tamarack 
[ neeu i es  j 

Gold 

[  INOn-MC  I  a ) 

A  nnn 

1  t; 

Basswood 
(1  eaves) 

Gold 

(Non-Acid) 

30,000 

7.8 

Aspen 

(leaves)  | 

Gold 

(Non-Acid) 

15,650 

4.9 

Background 

Paleozoic 

13,300 

Oak 

(leaves) 

Smelting  and 
Refining 
Residue 
(Co,  Ag,  As) 

11,000 

0.3 

-  26  - 


Mustard 


(leaves,  flowers, 
stems ) 

Acid  Sulphide 
(Cu,  Ni) 

4,100 

1.1 

Fl eabane 

(leaves,  flowers, 
stems ) 

Smelting  and 
Refining 
Residue 
(Co,  Ag,  As) 

15,000 

0.4 

Background 

Paleozoic 

11,900 

Vetch 

(leaves,  flowers, 
stems ) 

Acid  Sulphide 
(Cu) 

48,000 

3.4 

Background 

Pal eozoic 

19,300 

Maple 
(1  eaves ) 

Sulphide  (Cu) 
(Non-Acid) 

37,000 

9.1 

Gold 

(  Mnn_Ar  ^  f\\ 

o .  t 

Refinery 
Residue  (As) 

37,000 

1 

Background 

Paleozoic 

r  f     LdlllU  r  1  dil 

23,400 

Wi 1 1 ow 
(leaves) 

Gold 

(Non-Acid) 

12,733 

=  2.6? 

Background 

Pal eozoic 

21,400 

Trefoi 1 

(leaves,  flowers, 
stems) 

Urani  um 
(Acid) 

(11,900  to  26,500) 

1.7  to  128 

Si  1 ver 
(with  As) 

(14,100  to  15,600) 

2.8  to  5.1 

Gold 

(Non-Acid) 

16,690 

2.8 

Background 

Pal eozoi  c 

22,200 

-  27  - 


Purple 
Clover 

(leaves,  flowers.  Gold 

stems)  -     (Non-Acid)  13,400  1.9  to  21 


Acid  Sulphide 
(Cu,  Ni) 

10,300 

Background 

Pal eozoi  c 

24,600 

Yellow  Sweet 
CI  over 

Gold 

(Non-Acid) 

25,000 

10 

Acid  Sulphides 
(Cu,  Ni,  Pb,  Zn) 

19,900 

3.2  ■ 

Uranium 
(Acid) 

24,000 

245 

Background 
(sweet  white 
cl over ) 

Paleozoic 

1/1  /inn 

r  1  r 

(Needles) 

bo  1  d 

(Non-Acid) 

5,600 

0.4 

Spruce 
(Needl es ) 

Gold 

(Non-Acid) 

22,800 

2.5 

Pi  ne 

(Needles) 

Gold 

(Non-Acid) 

3,600 

0.9 

Jack  Pine 
(Needl es ) 

Urani  urn 
(Non-Acid) 

17,400 

0.7 

Background 
Pine  needles 

Paleozoic 

3,000 

Grasses 
(excluding 
roots ) 

Uranium 

(Acid) 

7,100 

1.7 

Uranium 
(Non-Acid) 

(12,700  to  13,000) 

0.5  to  1.1 

Gold 

(Non-Acid) 

6,189 

2.5 

Acid  Sulphides 
(Cu,  Ni,  Pb,  Zn) 

6,375 

2.0 

-  28  - 


Sulphide  (Cu) 
(Non-Acid) 

Refinery 
Residue  (As) 


Background 


Paleozoic 


6,600 


1.6 


(3,400  to  9,600) 
7,700 


0.09  to  0.3 


-  29  - 


CHROMIUM 


/^M  n  r\KA  T  I  1 

CHRU^IIUM 

LEVELS  (ppn) 

in  Vegetation 

Vegetati  on 
Typp 

Tailings             Average  concentration 
Type                       or  (range) 

Ratio 
Veg. /Ta  i 1 i  ngs 

Cattail 
(leaves) 

Gold 

(Non-Acid) 

1 

n.oi 

Urani  um 
(Non-Acid) 

/a       •  _i  \ 

(Acid) 

(0.74  to  -5) 
-5 

0.01  to  -0.2 

Acid  Sulphide 
(Cu,  Ni ,  Pb,  Zn) 

-3.1 

-U.  Ui 

Sulphide  (Cu) 
(Non-Acid) 

1.32 

0.01 

Silver  (As) 
(Non-Acid) 

(1.17  to  -5) 

0.00  to  -0.01 

Background 

Paleozoic 

0.74 

Horsetai 1 
(excl udi  ng 
roots ) 

Gold 

(Non-Acid) 

1.29 

n  m 

U.  Ui 

Silver  (As) 
(Non-Acid) 

1 

n  nn 
u.  uu 

Acid  Sulphide 
(Cu,  Pb,  Zn,  Pt) 

(1.03  to  5) 

n  m 

Urani  um 
(Non-Acid) 

1.18 

0.01 

Sulphide  (Cu) 
(Non-Acid) 

1.76 

Background 

Paleozoic 

1.18 

Bi  rch 
(leaves ) 

Gold 

(Non-Acid) 

0.9 

n.oi 

Urani  um 

(Acid) 

(Non-Acid) 

1.18 
0.88 

0.06 
0.01 

Acid  Sulphide 
(Cu,  Ni) 

1.76 

0.01 

Background 

Pal eozoi  c 
Precambrian 

0.88 
1.18 

-  30  - 


Pop! ar 
(leaves) 

Gold 

(Non-Acid) 

1.2 

0.01 

Acid  Sulphide 
(Cu,  Pb,  Zn,  Ni) 

(1.03  to  2.06) 

0.01 

Silver  (As) 
(Non-Acid) 

0.59 

0.00 

Uranium 

(AClClj 

c 
-0 

-5 

n  A 
-U.  4 

-0.06  to 

-0.2 

Background 

Paleozoic 
Precambrian 

0.78 
1.17 

bo 1  den  rod 
(leaves,  stems, 
flowers) 

bo  1  d 

(Non-Acid) 
Uranium 

[  INOn-AC  1  Q  ) 

-5 

c 
-D 

-0.04 
- U . u /  to 

-U.  4 

Tamarack 
(needl es ) 

Gold 

[  iNOn-AC  10; 

1     1  Q 

n  no 

Basswood 
(leaves) 

Gold 

(Non-Acid) 

1.47 

0.01 

Aspen 
(leaves) 

Gold 

(Non-Acid) 

1.33 

0.01 

Background 

Pal eozoi  c 

0.82 

Oak 

(leaves) 

Smelting  & 
Refining 
Residue 
(Co,  Ag,  As) 

0.74 

0.00 

Mustard 

(leaves,  stems, 
flowers) 

Acid  Sulphide 
(Cu,  Ni) 

2.21 

0.01 

9 

r  1  eanane 

(leaves,  flowers, 
stems) 

ome Icing  u 
Ref i  ni  ng 
Residue 
(Co,  Ag,  As) 

1.18 

0.01 

Background 

Paleozoic 

0.78 

-  31  - 


Vetch 

(leaves,  flowers, 
stems ) 

Acid  Sulphide 
(Cu) 

-5 

-0.2 

Background 

Paleozoic 

0.74 

Mapl  e 
(leaves) 

Sulphide  (Cu) 
(iNon-Aci  d ; 

n  QQ 
U.  oo 

n  n  1 
0.01 

Gold 

(Non-Acid) 

0.60 

0.01 

Refinery  (As) 
Resi  due 

0.88 

0.00 

Background 

Paleozoic 
Precambrian 

0.74 
0.88 

Wi 1 1 ow 
(leaves) 

Gold 

(Non-Acid) 

0.74 

0.01 

Background 

Paleozoic 

0.94 

Trefoi 1 

(leaves,  stems, 
f 1 owers ) 

Uranium 

^ AC  1  a ; 

[L ,Uo  ZO  -0 ) 

U. Uo  to  U. i 

Silver  (As) 
(Non-Acid) 

(1.18  to  1.47) 

0.00  to  0.01 

Gold 

(Non-Acid) 

1.23 

0.01 

Background 

Paleozoic 

1.03 

Purple  Clover 
(leaves,  stems, 
flowers) 

Gold 

(Non-Acid) 

Acid  Sulphide 
(Cu,  Ni ) 

1.08 
1.03 

0.02 

Background 

Paleozoic 

0.81 

Yellow  Sweet 

Cl over 
(leaves,  stems, 
f 1 owers) 

Gold 

(Non-Acid) 

-5 

-0.1 
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Acid  Sulphide 
(Cu,  Ni ,  Pb,  Zn) 

-3.8 

-0.1 

Uranium 
(Acid) 

-5 

-0.3 

Background  Paleozoic 
(white  sweet  clover) 

0.59 

Evergreen 
(need! es ) 

Gold 

(Non-Acid) 

-5  (spruce) 
0.70  (fir) 

n  CO    /  n  A 

U.by  (pine; 

-0.1 
0.02 

n  n  1 
(J.  Ui 

Urani  urn 
(Non-Acid) 

-5  (Jack  pine) 

-0.2 

Background 

Pal eozoic 

0.56  (pine) 

Grasses 
(excl udi  ng 
roots ) 

Uranium 
(Acid) 
^iNon-AC  1  a ) 

(0.74  to  -5) 
-5 

-0.3 

-0.2  to  -0.4 

Gold 

(Non-Acid) 

1.2 

-0.03 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

5.22 

0.03 

Sulphide  (Cu) 
(Non-Acid) 

1 

i  .  /D 

r\  no 

Refinery  (As) 
Residue 

(1.32  to  -5) 

0.01  to  -  0.03 

Background 

Paleozoic 

0.86 

-  33  - 


I 


COBALT 


COBALT 

LEVELS  foDm) 

in  Veaetation 

Vegetation 
Type 

Tai 1 ings 
Type 

Average  concentration 
or  (range) 

Rati  0 
Veg. /Tai lings 

Cattail 
(leaves) 

Gold 

(Non-Acid) 

0.7 

0.02 

Urani  um 

(Acid) 

(Non-Acid) 

-2 

fO.92  to  -2) 

-0.1 

0.05  to  -0.09 

Acid  Sulphide 
(Cu,  Ni ,  Pb,  Zn) 

-1.0 

-0.01 

Sulphide  (Cu) 
(Non-Acid) 

0.83 

0.02 

Silver  (As) 
(Non-Acid) 

(-2  to  2.83) 

-0.01  to  0.01 

Background 

Paleozoic 

-0.47  ' 

Horsetai 1 
rpxriiiflino 

\  d  /\       1  \J  Vi  1  MM 

roots) 

Gold 

f Non-Acid ) 

Silver  (As) 
f Non-Aci  d ) 

2  02 
24 

0  07 
0.07 

Acid  Sulphide 
fCu    Pb    Zn  Ptl 

fl.58  to  -2) 

-0  01  to  0  01 

Urani  um 
(Non-Acid) 

1.17 

0.07 

Sulphide  (Cu) 
f Non-Aci  d ) 

4. 25 

0  08 

Background 

Paleozoic 

0.71 

Bi  rch 
(leaves) 

Gold 

(Non-Acid) 

0.2 

Uranium 

(Acid) 

(Non-Acid) 

4.60 
2.67 

=4.6 
0.16 

Acid  Sulphide 
(Cu,  Ni) 

2.67 

0.02 

Background 

Pal eozoi  c 
Precambrian 

0.73 
1.33 
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Popi ar 
(leaves) 

Gold 

(Non-Acid) 

6 

0.21 

Acid  Sulphide 
(Cu,  Ni ,  Pb,  Zn) 

(3.83  to  11.46) 

0.02  to  0.2 

Silver  (As) 
(Non-Acid) 

1,770 

4.9 

1 1  pan  i  nm 

(Acid) 
(Non-Acid) 

-2 
-2 

-0.3 

-0.09  to  -0.1 

Background 

Pal eozoi  c 
Precambrian 

0.71 
1.83 

Goldenrod 
(leaves,  stems, 
flowers) 

Gold 

(Non-Acid) 

1 1  r  a  n  T  1  im 
U  1  d  1  1  1  U 11 1 

(Non-Acid) 

-2 
-2 

-0.1 

-0.1  to  0.2 

Ta          c  \c 

1  U  )•  lU  1    U  IN 

(needles) 

Gnl  d 

(Non-Acid) 

0.58 

0.01 

Basswood 
(leaves) 

Gold 

(Non-Acid) 

3.67 

0.1 

Aspen 
(leaves) 

Gold 

(Non-Acid) 

6.71 

0.4 

Background 

Paleozoic 

0.75 

Oak 

(leaves) 

Smelting  & 
Ref i  ni  ng 
Residue 

(Cn     An  A<:^ 

n  nn 

Mustard 

(leaves,  flowers, 
stems) 

Acid  Sulphide 
(Cu,  Ni) 

3.33 

0.02 

r  1  cd  Ud  1 1 1: 

(leaves,  stems, 
f 1 owers) 

oiiic  icing  u 
Refining 
Residue 
(Co,  Ag,  As) 

8.34 

0.00 

Background 

Paleozoic 

0.64 

-  35  - 

Vetch 

(leaves,  flowers, 
stems ) 

Acid  Sulphide- 
(Cu)  . 

-2 

-0.2 

Background 

Pal eozoi  c 

0.67 

Maple 
(leaves) 

Sulphide  (Cu) 
(Non-Acid) 

3.50 

0.06 

Gold 

(Non-Acid) 

0.58 

0.02 

Refinery  (As) 
Resi  due 

3.50 

0.00 

Background 

Pal eozoi  c 
Precambri  an 

n  "7  n 

u.  /y 

0.60 

Wi 1 1 ow 
(leaves) 

Gold 

(Non-Acid) 

1.7 

0.1 

Background 

Paleozoic 

2.25 

Trefoil 

(leaves,  flowers, 
stems ) 

Uranium 
(Acid) 

Silver  (As) 
(Non-Acid) 

(0.75  to 
(7.75  to 

-2) 
8.25) 

0.02  to  =1.4 
0.02  to  0.1 

Gold 

(Non-Acid) 

1.77 

0.07 

Background 

Pal eozoi  c 

0.99 

Purple  Clover  Gold 

(leaves,  flowers,    (Non-Acid)  1.7  0.04 

stems ) 

Acid  Sulphide 

(Cu,  Ni)  1.08 
Background  Paleozoic  0.52 


Yellow  Sweet  Gold 

Clover  (Non-Acid)  -2  -0.1 

(leaves,  stems, 
f 1 owers ) 

Acid  Sulphide 

(Cu,  Ni ,  Pb,  Zn)  -1.8  -0.3 
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Urani  um 
(Acid) 

-2 

-2 

Background 

Paleozoic 

n   o  o 

Evergreen 
(needles) 

Gol  d 

(Non-Acid) 

-2  (spruce) 
0.49  (fir) 
0.50  (pine) 

-0.2 
0.04 
0.02 

Urani  un 

(Non-Acid) 

-2  (Jack  pine) 

-0.09 

Background 

Paleozoic 

U.4^  (pinej 

Grasses 
(excl uding 
roots) 

Uranium 
(Acid) 
,  (Non-Acidj 

-1.3 

o 
-d 

-0.1 

-U.U9  to  -0.2 

Gold 

(iNon-Aci  d ) 

1  c 

-1 .  b 

n  1 
-U.  1 

Acid  Sulphide 
(Cu ,  Ni ,  Pb,  Zn) 

3.6 

0. 04 

Sulphide  (Cu) 
(Non-Acid) 

225 

4.2 

Refinery  (As) 
Residue 

(19  to  22.  72) 

0.01 

Background 

Pal eozoi  c 

0.76 
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! 


COPPER 


COPPER 

LEVELS  (ppm 

)  in  Vegetation 

Vegetati  on 
Type 

Tai 1 i  ngs 
Type 

Average  concentration 
or  (range) 

Rati  0 
Veg. /Tai 1 i  ngs 

Cattail 
(leaves) 

Gold 

(Non-Acid) 

5.7 

0.07 

Urani  um 

(Acid) 

(Non-Acid) 

8 

(8  to  9.3) 

0.2 

0.2 

Acid  Sulphide 
(Cu,  Ni ,  Pb,  Zn) 

12.7 

0.01 

Sulphide  (Cu) 
(Non-Acid) 

9.3 

0.02 

Silver  (As) 
(Non-Acid) 

(3.7  to  15) 

0.03  to  0.09 

Background 

Paleozoic 

7.0 

Horsetai 1 
(excl udi  ng 
roots) 

Gold 

(Non-Acid) 

Silver  (As) 
(Non-Acid) 

5.8 
4.4 

0.1 

0.04 

Acid  Sulphide 
(Cu,  Pb,  Zn,  Pt) 

(13.1  to  27) 

0.01 

Urani  um 
(Non-Acid) 

5.2 

0.13 

Sulphide  (Cu) 
(Non-Acid) 

27 

0.1 

Background 

Pal eozoi  c 

8.5 

Bi  rch 
(1  eaves ) 

Gold 

(Non-Acid) 

11 

0.1 

Urani  um 

(Acid) 

(Non-Acid) 

13.2 
7.0 

0.3 
0.2 

Acid  Sulphide 
(Cu,  Ni) 

13 

0.03 

Background 

Paleozoic 
Precambrian 

7.4 
7.1 
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Pop] ar 
( 1  eaves ) 

Gold 

(Non-Acid) 

7.9 

0.10 

Acid  Sulphide 
(Cu,  Pb,  Zn,  Ni) 

(13.9  to  33.3) 

0.01  to  0.05 

Silver  (As) 
(Non-Acid) 

6.0 

0.05 

Urani  urn 

(Acid) 

(Non-Acid) 

12 

(6  to  12) 

0.7 
0.2 

Background 

Paleozoic 
Precambrian 

8.4 
8.4 

Goldenrod 
(leaves,  stems, 
flowers) 

Gold 

(Non-Acid) 

Uranium 
(Non-Acid) 

10.3 

(10  to  12) 

0.2 

0.3  to  0.6 

Tamarack 
(needles) 

Gold 

(Non-Acid) 

6.5 

0.2 

Rasswood 
(leaves) 

Gold 

(Non-Acid) 

9.5 

0.1 

Aspen 
(1  eaves ) 

Gold 

(Non-Acid) 

9.9 

0.2 

Background 

Paleozoic 

9.3 

Oak 

(1  eaves ) 

Smelting  and 
Ref i  ni  ng 
Residue 
(Co,  Ag,  As) 

6.2 

0.00 

Mustard 

(leaves,  stems, 
f 1 owers ) 

Acid  Sulphide 
(Cu,  Ni) 

13.3 

0.03 

Fl eabane 
(stems,  leaves, 
flowers) 

Smelting  and 
Ref i  ni  ng 
Residue 
(Co,  Ag,  As) 

31 

0.00 

Background 

Paleozoic 

21 

»  39  " 

Vetch 

(leaves,  flowers, 
stems ) 

Acid  Sulphide 
(Cu) 

12 

0.2 

Background 

Paleozoic 

9.2 

Maple 
(leaves ) 

Sulphide  (Cu) 
(Non-Acid) 

6.3 

0.01 

Gold 

(Non-Acid) 

7.5 

0.1 

Refinery  (As) 
Residue 

6.3 

0.00 

Background 

Paleozoic 
Precambrian 

8.2 
3.9 

Wi 1 1 ow 
(leaves) 

Gold 

(Non-Acid) 

8.3 

0.1 

Background 

Pal eozoi  c 

8.9 

Trefoi 1 

(leaves,  stens, 
flowers) 

Uranium 
(Acid) 

Silver  (As) 

( Nnn-Ar  id) 

(9  to  40) 

4  tn  1  ?  3  ^ 

0.3  to  1.03 

0  08  tn  0 

Gold 

(Non-Acid) 

7.9 

0.06 

Background 

Pal eozoi  c 

14.7 

Purple  Clover 
n  pa upc    <;t ems 

flowers) 

Gold 

f Non-Aci  d ) 

Acid  Sulphide 
(Cu,  Ni) 

12  1 
20.0 

0. 1 

Background 

,  Paleozoic 

13.6 

Yellow  Sweet 
CI  over 

(leaves,  stems, 
f 1 owers ) 

Gold 

(Non-Acid) 

7 

0.2 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

(13  to  89) 

0.07 

-  40  - 


Urani  um 
(Acid) 

21 

0.5 

Background 
(white  sweet  c1 

Paleozoic 
over) 

9.5 

Evergreen 
(needles) 

Gold 

(Non-Acid) 

2  (spruce) 
6.00  (fir) 
4.10  (pine) 

0.06 
0.08 
0.04 

U  ran  i  um 
(Non-Acid) 

6  (Jack  Pine) 

0.1 

Background 

Paleozoic 

4.8  (pine) 

Grasses 
(excl uding 
roots) 

Uranium 

(Acid) 

(Non-Acid) 

8 

(10  to  12) 

0.4 

0.2  to  0.7 

Gold 

(Non-Acid) 

5.2 

0.07 

Acid  Sulphide 
(Cu,  Ni ,  Pb,  Zn) 

51 

0.09 

Sulphide  (Cu) 
(Non-Acid) 

44 

0.08 

Refinery  (As) 
Residue 

(16.5  to  22) 

0.00 

Background 

Paleozoic 

7 
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IRON 


IRON 

LEVELS  (ppm) 

in  Vegetation 

Vegetation 
Type 

Tailings            Average  concentration 
Type                       or  (range) 

Rati  0 
Veg./Tail ings 

Cattail 
(leaves) 

Gold 

(Non-Acid) 

53 

0.00 

Uranium 

(Acid) 

(Non-Acid) 

110 

(40  to  90) 

0.00 
0.00 

Acid  Sulphide 

(Cii     Ni     Ph  7n) 

0.00 

Sulphide  (Cu) 
(Non-Acid) 

260 

0.01 

Silver  (As) 
(Non-Acid) 

(40  to  310) 

0.00  to  0.01 

Background 

Paleozoic 

60 

Horsetai  1 
(excl udi  ng 
roots) 

Gold 

(Non-Acid) 

Silver  (As) 
(Non-Acid) 

709 
90 

0.01 
0.00 

Acid  Sulphide 
(Cu     Pb    7n     Pt ^ 

nOO  tn  700^ 

^OwW     UL/     I  \J\J  j 

0.00  to  0.01 

Uranium 
(Non-Acid) 

190 

0.00 

Sulphide  (Cu) 
(Non-Acid) 

780 

0.02 

Background 

Paleozoic 

80 

Birch 
(leaves) 

Gold 

(Non-Acid) 

222 

0.00 

Urani  um 

(Acid) 

(Non-Acid) 

120 
65 

0.01 
0.00 

Acid  Sulphide 
(Cu,  Ni) 

180 

0.00 

Background 

Paleozoic 
Precambrian 

80 
200 
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Pop! ar 
(leaves) 

Gold 

(Non-Acid) 

93 

■0.00 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

(190  to  730) 

0.00  to  0.01 

Silver  (As) 
(Non-Acid) 

80 

0.00 

Urani  um 

(Acid) 

(Non-Acid) 

180 

(50  to  160) 

0.04 

0.00  to  0.01 

Background 

Paleozoic 
Precambri  an 

53 
80 

Goldenrod 
(leaves,  stems, 
f 1 owers) 

Gold 

(Non-Acid) 

210 

0.01 

Urani  um 
(Non-Acid) 

(120  to  230) 

0.00  to  0.01 

Tamarack 
(needles) 

Gold 

(Non-Acid) 

220 

0.00 

Rasswood 
(leaves) 

Gold 

(Non-Acid) 

420 

0.01 

Aspen 
(leaves) 

Gold 

(Non-Acid) 

100 

0.00 

Background 

Paleozoic 

"7  r\ 

70 

Oak 

(1  eaves) 

Smelting  and 
Refining  (As) 
Residue 

60 

0.00 

Mustard 

(leaves,  stems, 
f 1 owers ) 

Acid  Sulphide 
(Cu,  Ni) 

880 

0.00 

Fl eabane 
(leaves,  stems, 
fl owers) 

Smelting  and 
Refining 
Residue 
(Co,  Ag,  As) 

240 

0.00 

Background 

Paleozoi  c 

70 

-  43  - 

\/ot  r  h 
V  c  L  Li  1 

(leaves,  stems, 
fl owers) 

ML*  1  U           1  [Jii  1  uc 

(Cu) 

170 

0.00 

Background 

Paleozoic 

80 

Mapl  e 
(leaves) 

Sulphide  (Cu) 
(Non-Acid) 

180 

0.00 

Gold 

(Non-Acid) 

80 

0.00 

Dci'Finopv/    1  Acl 

rxc  I  1  1 1  tr  1  jr     \r\o  J 

Residue 

180 

0.00 

Background 

Paleozoic 
Precambrian 

60 
70 

Wi 1 1 ow 
(leaves) 

Gold 

(Non-Acid) 

67 

0.00 

Background 

Paleozoic 

80 

Trefoil 

(leaves,  stems, 
flowers) 

Urani  urn 
(Acid) 

Silver  (As) 
(Non-Acid) 

(60  to  190) 
180 

0.00  to  0.01 
0.00 

Gold 

(Non-Acid) 

153 

0.00 

Background 

Pal eozoi  c 

160 

Purple  Clover 
(leaves,  stems, 

1  1  (JWCI  3  J 

Gold 

(Non-Acid) 

Acid  Sulphide 
(Cu,  Ni) 

(70  to  1,380) 
8.5 

0.00 

Background 

Paleozoic 

145 

Sweet  Yellow 
CI  over 

Gold 

(Non-Acid) 

320 

0.02 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

517 

0.01 

-  44  . 


Urani  um 

(Acid) 

150 

0.01 

Background 

Pal eozoi  c 

80 

Evergreen 
(needles) 

Gold 

(Non-Acid) 

50  (spruce) 
715  (fir) 
180  (pine) 

0.00 
0.00 
0.00 

Uranium 
(Non-Acid) 

90  (pine) 

0.00 

Background 

Paleozoic 

40  (pine) 

Grasses 
(excl uding 
roots) 

Urani  um 

(Acid) 

(Non-Acid) 

68 

(290  to  320) 

0.01 

0.01  to  0.02 

Gold 

(Non-Acid) 

92 

n.no 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

449 

0.00 

Sulphide  (Cu) 
(Non-Acid) 

900 

0.02 

Refinery  (As) 
Residue 

(540  to  900) 

0.01 

Background 

Paleozoic 

120 
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L  E  A  n 


LEAD 

LEVELS  (ppm) 

in  Vegetation 

Veaetat  i  on 
Type 

Tailings             Average  concentration 
Type                       or  (range) 

Rati  0 
Veg. /Tai 1 i  ngs 

Cattai  1 
(leaves) 

finl  rl 

\jU  1  U 

(Non-Acid) 

2.5 

0.1 

1 1  pa n  1  iim 
U  1  dil  1  Uiil 

(Non-Acid) 
(Acid) 

(1.88  to  2) 
14 

0.01  to  0.02 
0.02 

Acid  Sulphide 
(Cu,  Ni ,  Pb,  Zn) 

5.4 

0.1 

Sulphide  (Cu) 
(Non-Acid) 

2.5 

0.06 

Silver  (As) 
(Non-Acid) 

(1.00  to  16) 

0.04  to  0.5 

Background 

Paleozoic 

3.28 

Horsetai 1 
(excl uding 
root  s ) 

Gold 

(Non-Acid) 

Silver  (As) 
(Non-Acid) 

3.00 
1.3 

0.24 
0.05 

Acid  Sulphide 
(Cu,  Pb,  Zn,  Pt) 

(4.38  to  8) 

0.00  to  0.2 

Uranium 
(Non-Acid) 

8.75 

0.08 

Sulphide  (Cu) 
(Non-Acid) 

3.44 

0.08 

Background 

Dal         rt  1  c 
r  a  1  cU^U 1 C 

<J  «  -JO 

Bi  rch 

(leaves) 

fini  rl 
ClO  1  a 

(non-Acid) 

5.0 

0.1 

Urani  um 
'  (Acid) 
(Non-Acid) 

4.38 
11.25 

0.19 
0.10 

Acid  Sulphide 
(Cu,  Ni) 

1.88 

0.21 

Background 

Pal eozoic 
Precambrian 

13.13 
8.13 
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Poplar 
(leaves) 

Gold 

(Non-Acid)  ■ 

4.2 

0.2 

Acid  Sulphide 
(Cu,  Pb,  Zn,  Ni) 

(3.75  to  9.38) 

0.00  to  0.41 

oi 1 ver  \ AS  J 
(Non-Acid) 

1.88 

0.07 

Urani  um 

(Acid) 

(Non-Acid) 

15 

(15  to  20) 

0.1 

0.2  to  0.08 

Background 

Paleozoic 
Precambrian 

5.16 
4.38 

Gol denrod 
(leaves,  stems, 
fl  owers ) 

Gold 

(Non-Acid) 

Urani  um 
(non-Acid) 

5.3 

(10  to  12) 

0.2 

0.09  to  0.2 

Tamarack 
(needles) 

Gold 

(Non-Acid) 

5.00 

=  5 

na  SSWOOu 
(leaves) 

bo  1  a 

(Non-Acid) 

6.25 

0.7 

Aspen 
(1  eaves ) 

Gold 

(Non-Acid) 

4.38 

0.4 

Background 

Pal eozoi  c 

5.63 

Oak 

(leaves) 

Smelting  and 
Refining 
Residue 
(Cu,  Ag,  As) 

1.25 

0.02 

Mustard 

(leaves,  stems, 
flowers) 

Acid  Sulphide 
(Cu,  Ni) 

2.50 

0.3 

Fl eabane 
(leaves,  stems, 
f 1 owers ) 

Smelting  and 
Ref i  ni  ng 
Residue 
(Co,  Ag,  As) 

3.75 

0.06 

Background 

Paleozoic 

6.88 
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Vetch 

(leaves,  stems, 
f 1 owers ) 

Acid  Sulphide 
(Cu) 

19 

0.07 

Background 

Paleozoic 

7.50 

Mapl  e 
(leaves) 

Sulphide  (Cu) 
(Non-Acid) 

4.06 

0.09 

Gold 

(Non-Acid) 

4.38 

0.5 

Refinery  (As) 
Resi  due 

4.06 

n.06  • 

Background 

Paleozoic 
Precambrian 

3.29 
2.50 

Wi  n  ow 
(leaves) 

Gold 

(Non-Acid) 

4 

0.3 

Background 

Paleozoic 

7.50 

Trefoi 1 

(leaves,  stems, 
fl  owers) 

Urani  urn 
(Acid) 

Silver  (As) 
[  Non-AC 1 u ) 

(1.87  to  4) 

\L  ,  oo  to   J .  'f4  ) 

0.01  to  0.08 
U.IJ/  to  U.o 

Gold 

(Non-Acid) 

2.61 

0.1 

Background 

Pal eozoi  c 

5.00 

Purple  Clover 
[ 1  eaves ,  s cems , 
flowers) 

Gold 

\  INOn-AC  1  Q  ) 

Acid  Sulphide 
(Cu,  Ni) 

0  Q 
C.O 

2.50 

n  1 

U.  i 

Background 

Pal eozoi  c 

5.9 

Yellow  Sweet 

r  1     \/ Q  r« 
L.  1  U  Vc  1 

(leaves,  stems, 
flowers) 

Gold 

^INOn-MCl  U  j 

Acid  Sulphide 
(Cu,  Ni ,  Pb,  Zn) 

1  n 
i  u 

14 

u .  o 
0.4 

Urani  um 
(Acid) 

7 

0.3 
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Background  Paleozoic 
(white  sweet  clover) 

2.50 

Evergreen 
(needles) 

Gold 

(Non-Acid) 

6  (spruce) 

■5  "50   (fi  r) 

7.50  (pine) 

0.1 

0  01 
0.1 

Uranium 

\  INUri-nU  1  U  ) 

5  (Jack  Pine) 

0.03 

Background 

Paleozoic 

2.50  (pine) 

Grasses 
^exc 1 uui ng 
roots) 

Uranium 

[ AC  1 U  j 

(Non-Acid) 

1  9 

(9  to  13) 

0.05  to  0.2 

b(J  1  U 

(Non-Acid) 

2.0 

0.1 

AC  1  u  oU ! pn 1 ae 
(Cu,  Ni ,  Pb,  Zn) 

6.2 

0.08 

Sulphide  (Cu) 
(Non-Acid) 

3.13 

0.07 

Refinery  (As) 
Residue 

(-2  to  6.25) 

-0.03  to  0.09 

Background 

Paleozoic 

3.96 
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MAGNESIUM 


MAGNESIUM 

LEVELS  (ppm) 

in  Vegetation 

Vegetation 
Type 

Tai 1 ings 
Type 

Average  concentration 
or  (range) 

Ratio 
Veg. /Tail ings 

Cattail 
(leaves) 

Gold 

(Non-Acid) 

2,375 

1.0 

Uranium 
(Non-Acid) 

(900  to  3,600) 

0.1  to  2.1 

Uranium 
(Acid) 

1,200 

7.1 

Sulphide  (Acid) 
(Cu,  Ni  ,  Pb,  Zn) 

1,875 

0.1 

Sulphide  (Cu) 
(Non-Acid) 

1,200 

4.0 

Si  1 ver 
(arsenic) 

(1,000  to  5,200) 

0.1  to  0.4 

Background 

Paleozoic 

1,800 

Horsetai 1 
(excl  uding 
roots) 

Gold 

(Non-Acid) 

8,327 

1.9 

Silver  (As) 
(Non-Acid) 

1,600 

0.2 

Acid  Sulphides 
(Cu,  Ni,  Pb,  Zn) 

(1,400  to  10,400) 

0.2  to  0.4 

Urani  um 
(Non-Acid) 

4,600 

0.6 

Sulphide  (Cu) 
(Non-Acid) 

2,900 

9.6 

Background 

Pal eozoi  c 

7,500 

Bi  rch 
(leaves) 

Gold 

(Non-Acid) 

7,114 

 1  

1.4 

Urani  um 
(Acid) 

1,800 

2.3 

Urani  um 
(Non-Acid) 

5,700 

0.8 
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Acid  Sulphide 
(Cu,  Ni) 


2,900 


0.3 


Background 

Pal eozoi  c 
Precanbrian 

4,bU0 
4,200 

Popl ar 
(leaves) 

Gold 

(Non-Acid) 

6,760 

1.3 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

(2,500  to  2,900) 

0.4 

Si  1 ver 
(Non-Acid)  . 

1,400 

0.1 

Urani  un 
(Acid) 

2,700 

19 

Uranium 
(Non-Aci d } 

[CiUUV  to  o,b(JUj 

U.3  to  2.1 

Background 

Pal eozoi  c 
Precambrian 

4,200 
4,500 

Goldenrod 
(leaves,  stems, 
1^1  owers) 

Gold 

(Non-Acid) 

3,967 

0.8 

Uranium 
(Non-Acid) 

(2,000  to  4,900) 

0.7  to  1.7 

Tamarack 
(needl es ) 

Gold 

(Non-Aci d  j 

n  o 

Basswood 
(leaves) 

Gold 

(Non-Acid) 

6,800 

0.8 

Aspen 
(leaves) 

Gold 

(Non-Acid) 

9,150 

1.3 

Background 

Pal eozoi  c 

5,100 

Oak 

(leaves) 

Smelting  and 
Ref i  ni  ng 
Residue 
(Co,  Ag,  As) 

1,000 

33.3 
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Mustard 


(leaves,  stens, 
f 1 owers ) 

Acid  Sulphide 
(Cu ,  Nl  ) 

i  ,  oUU 

L).  (1 

Fl  eabane 
(leaves,  stems, 
f 1 owers) 

Smelting  and 
Refining 
Residue 
(Co,  Ag,  As) 

4,300 

143 

Background 

Paleozoic 

3,500 

Vetch 

(leaves,  stems, 
fl owers ) 

Acid  Sulphide 
(Cu) 

9,500 

3.9 

Background 

Pal eozoi  c 

2,800 

Maple 
(leaves) 

Sul phide 
(Non-AcT  d ) 

2,800 

9.3 

Gold 

(Non-Acid) 

4,600 

1 

Refinery  (As) 
Residue 

2,800 

93 

Background 

Paleozoic 
Precambrian 

2,900 
1,800 

Wi 1 1 ow 
(leaves) 

Gold 

(Non-Acid) 

5,733 

1.1 

Background 

Paleozoic 

5,900 

Trefoi  1 

(leaves,  stems, 
flowers) 

Urani  um 
(Acid) 

(1,100  to  4,600) 

1.4  to  28 

Silver  (As) 

(2,750  to  3,700) 

0.3  to  0.6 

Gold 

(Non-Acid) 

6,580 

0.7 

Background 

Paleozoic 

2,800 

Purple 
CI  over 

(leaves,  stens, 
f 1 owers ) 

Gold 

(Non-Acid) 

4,367 

0.4 
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Acid  Sulphide 
(Cu,  Ni) 

2,000 

Background 

Paleozoi  c 

5,300 

Sweet  Yel 1 ow 
Cl over 

(leaves,  stems, 
fl owers) 

Gold 

(Non-Acid) 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

2,900 
3,167 

0.6 
0.9 

Urani  urn 
(Acid) 

6,500 

8.3 

Background  Paleozoic 
(sweet  white  clover) 

2,800 

Evergreen 
(needl  es) 

Gold 

(Non-Acid) 

1,600  (spruce) 
2,700  (fir) 
1,900  (pine) 

2.7 

1 

0.2 

Urani  urn 
(Non-Aci  d ) 

1,900  (Jack  Pine) 

1.1 

Background 

Pal eozoi  c 

1,800  (Pine) 

Grasses 
(excl udi  ng 
roots ) 

Uranium 
(Acid) 

2,380 

11.5 

Uranium 
(Non-Acid) 

(1,300  to  1,700) 

1.1 

Gold 

(Non-Acid) 

1,756 

0.4 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

3,956| 

0.4 

, Sulphide  (Cu) 
(Non-Acid) 

1,500 

5.0 

Refinery 
Residue  (As) 

(800  to  1,600) 

26.7  to  53 

Background 

Pal eozoi  c 

3,400 
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MANGANESE 


I 


MANGANESE 

LEVELS  (ppn) 

in  Vegetation 

Vegetati  on 
Type 

Tai 1 1 ngs 
Type 

Average  concentration 
or  (range) 

Rati  0 
Veg. /Tai 1 i  ngs 

Cattai 1 
(leaves) 

Gol  d 

(Non-Acid) 

784 

=  5.4 

Urani  urn 

(Non-Acid) 

(Acid) 

(612  to  1,550) 
400 

0.6  to  1.8 

40 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

(-5  to  1,248) 

-2.7 

Sulphide  (Cu) 
(Non-Acid) 

530 

1.3 

Silver  (As) 
(Non-Acid) 

(50  to  435) 

0.1  to  0.4 

Background 

Pal eozoi  c 

552 

Horsetai 1 
(excl udi  ng 
roots) 

Gold 

(Non-Acid) 

Silver  (As) 
(Non-Acid) 

180 
94 

0.5 
0.09 

Acid  Sulphide 
(Cu,  Pb,  Zn,  Pt) 

50  to  75 

0.2  to  0.4 

Urani  urn 
(Non-Acid) 

90 

0.09 

Sulphide  (Cu) 
(Non-Acid) 

108 

0.3 

Background 

Pal eozoi  c 

130 

Bi  rch 
(1  eaves) 

Gol  d 

(Non-Acid) 

371 

0.8 

,  Uranium 
(Acid) 
(Non-Acid) 

45 

885 

=  4.5 
0.9 

Acid  Sulphide 
(Cu,  Ni ) 

1,229 

2.2 

Background 

Paleozoic 
Precambrian 

110 
870 
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Poplar 
(leaves) 

Gold 

(Non-Acid)  ' 

170 

0.4 

- 

Acid  Sulphide 
(Cu,  Ni ,  Pb,  Zn) 

(171  to  525) 

0.2  to  2.8 

Silver  (As) 
(Non-Acid) 

38 

0.04 

Urani  urn 

(Acid) 

(Non-Acid) 

5 

(100  to  400) 

1 

0.1  to  0.5 

Background 

Paleozoic 
Precambri  an 

69 
177 

Gol denrod 
(leaves,  stems, 
f 1 owers ) 

Gold 

(Non-Acid) 

Uranium 
(Non-Acid) 

(-50  to  1,400) 
(200  to  850) 

0.2  to  2.8 

Tamarack 
(needles) 

Gold 

(Non-Acid) 

833 

0.9 

Basswood 
(leaves) 

Gold 

(Non-Acid) 

288 

0.5 

Aspen 
(leaves) 

Gold 

(Non-Acid) 

252 

0.5 

Background 

Paleozoic 

123 

Oak 

(leaves) 

Smelting  and 
Refining 
Residue 
(Co,  Ag,  As) 

1,035 

24.6 

Mustard 

(leaves,  stems, 
fl owers) 

Acid  Sulphide 
(Cu,  Ni) 

563 

1.0 

Fl eabane 
(leaves,  stems, 
fl owers) 

Smelting  and 
Refining 
Residue 
(Co,  Ag,  As) 

144 

3.4 

Background 

Paleozoic 

109 
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Vetch 

(leaves,  stems, 

1  1 UWc I  o  / 

Acid  Sulphide 
(Cu) 

-50 

-0.04 

Background 

Paleozoic 

90 

Map!  e 

^  1 cd  vcb ) 

Sulphide  (Cu) 

( Nnn-Ar id) 

51 

n  1 

U.  J. 

Gold 

(Non-Acid) 

158 

0.3 

Refinery  (As) 
Residue 

51 

1.2 

Background 

Paleozoic 
Precambrian 

126 
570 

Wi 1 1 ow 

(leaves) 

Gold 

(Non-Acid) 

879 

1.7 

Background 

Paleozoic 

322 

Trefoi 1 
f 1 owers ) 

Urani  urn 
fAcidl 

Silver  (As) 
(Non-Acid) 

f41  to  6981 
(51  to  53) 

=  4  1  to  69  8 
0.05  to  0.1 

Gold 

(Non-Acid) 

121 

0.4 

Background 

Paleozoic 

113 

Purple  Clover 
(leaves,  stems, 
flowers) 

1 

Gold 

(Non-Acid) 

Acid  Sulphide 
(Cu,  Ni) 

74 
78 

0.5 

U      Vrf  r\  M  1    >.y  U  1  1  vJ 

r  a  1  c    t.  vj  1  V- 

57 

Yellow  Sweet 
CI  over 

(leaves,  stems, 
flowers) 

Gold 

(Non-Acid) 

-50 

-0.5 

Acid  Sulphide 
(Cu,  Ni ,  Pb,  Zn) 

(-5  to  50) 

-0.07 
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Uranium 
(Acid) 

-50 

=  5.0 

Background 

Paleozoic 

OQ 
CO 

t  verg  reen 
(needles) 

ao  1  o 

(Non-Acid) 

100  (spruce) 
73  (fir) 
144  (pine) 

0.3 

0.05 

0.1 

Urani  um 
(Non-Acid) 

550 

0.7 

Background 

Paleozoic 

30  (pine) 

Grasses 
(excl udi  ng 
roots  j 

Urani  um 

(Acid) 

[  iNon-Aci  u ; 

(24.9  to  400) 
(oUU  to  ybu ) 

7.7 

u.y  to  o.i 

Gold 

[  INOn-AC  IQ  J 

91  7 

IJ.  4 

Acid  Sulphide 
(Cu ,  Ni ,  Kb ,  Zn  j 

n  o 
U.  o 

Sulphide  (Cu) 
(Non-Acid) 

285 

0.7 

Refinery  (As) 
Residue 

(-50  to  198) 

-1.2  to  4.7 

Background 

Paleozoic 

320 
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MERCURY 


I 


MERCURY 

LEVELS  (ppm) 

in  Vegetation 

Vpnpl"  ;^ t  i  on 

Type 

T;=^  i  1  i  n  n  *^ 

Type 

Avprflop  rnnrpntrfltinn 

or  (range) 

Rati  0 
Veg. /Tai 1 ings 

Cattail 
(leaves) 

Gold 

(Non-Acid) 

-0.049 

-0.131 

Uranium 
(Non-Acid) 

0.055 

1.038 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

0.037 

0.096 

Sulphide  (Cu) 
(Non-Acid) 

0.062 

1.348 

Silver  (As) 
(Non-Acid) 

0.036 

0.037 

Background 

Paleozoi  c 

0.069 

Horsetai 1 
(excl uding 
rnnt  ) 

Gold 

(Non-Acid) 

Silver  (As) 
(Non-Acid) 

-0.042 
0.064 

-0.14 
0.066 

Acid  Sulphide 
(Cu,  Pb,  Zn,  Pt) 

-0.025 

-0.088 

Urani  un 
(Non-Acid) 

0.045 

0.849 

Sulphide  (Cu) 
(Non-Acid) 

0.073 

1.587 

Background 

Paleozoic 

0.082 

Ri  rrh 
(leaves) 

Gol  d 

\J\J  1 

(Non-Acid) 

0.098 

0.251 

1 1  r  3  n  i  1  in 

U  1  oil  1  Ui .  1 

(Acid) 
(Non-Acid) 

0.055 
0.076 

0.9 
1.434 

Acid  Sulphide 
(Cu,  Ni) 

0.062 

3.4 

Background 

Pal eozoi  c 
Precambrian 

0.084 
0.080 
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Poplar  Gold 

(leaves)  (Non-Acid)  0.054  0.3 

Acid  Sulphide 

(Cu,  Pb,  Zn,  Ni)  (0.029  to  0.142)  (0.102  to  1.614) 

Silver  (As) 

(Non-Acid)  0.073  0.075 

Background  Paleozoic  0.089 

Precambrian  0.073 


Tamarack 
(needles) 

Gold 

(Non-Acid) 

0.055 

0.322 

Basswood 
(leaves) 

Gold 

(Non-Aci d  j 

-0. 025 

-0.079 

Aspen 
(leaves) 

Gold 

(Non-Acid) 

0.048 

0.08 

Background 

Pal eozoic 

0.076 

Oak 

(leaves) 

Smelting  and 
Ref i  ni  ng 
Residue 
(Co,  Ag,  As) 

0.106 

0.25 

Fl eabane 
(leaves,  stems, 
f 1 owers) 

Snelting  and 
Refining 
Resi  due 
(Co,  Ag,  As) 

0.106 

0.25 

Background 

Paleozoic 

0.053 

Vetch 

(leaves,  stems, 
f 1 owers ) 

Background 

Paleozoic 

0.062 

Mapl  e 
(leaves) 

Sulphide  (Cu) 
(Non-Acid) 

0.131 

2.848 

Gold 

(Non-Acid) 

0.087 

n.719 
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Refinery  (As) 
Residue 


0.131 


0.31 


Background 

Pal eozoi  c 
Precambrian 

0.124 
0.088 

Willow 
(leaves) 

Gold 

(Non-Acid) 

0.045 

0.07 

Background 

Paleozoic 

0.068 

Trefoi 1 

(leaves,  stems, 
f 1 owers ) 

Urani  um 

( AC  1 d  j 

Silver  (As) 
(Non-Acid) 

^U. Uoi  to  U. UOD ) 

(0.050  to  0.087) 

(U.bi  to  i.iUj 
(0.05  to  0.150) 

Gold 

(Non-Acid) 

0.056 

(0.3  to  5.3) 

Background 

Paleozoic 

0.062 

Purple  Clover 
(leaves,  stens, 
flowers) 

Gold 

(Non-Acid) 

Acid  Sulphide 
(Cu,  Ni) 

0.086 
0.055 

1 

Background 

Paleozoic 

0.049 

Yellow  Sweet 
CI  over 

(leaves,  stems, 
fl owers ) 

Gold 

(Non-Acid) 

Acid  Sulphide 
(Cu,  Ni ) 

0.040 
0.036 

2.000 
0.571 

Background 

Paleozoic 

0.058 

Evergreen 
(needles) 

bO  1  d 

(Non-Acid) 

0.033  (fir) 
0.055  (pine) 

0.06 
5.5 

Background 

Pal eozoi  c 

0.058  (pine) 

Grasses 
(excl uding 
roots) 

Urani  um 
(Acid) 

0.065 

0.8 
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Gold 

(Non-Acid)  -0.045  -1.950 

Acid  Sulphide 

(Cu,  Ni ,  Pb,  Zn)  0.072  1.372 

Refinery  (As) 

Residue  0.116  0.28 


Background  Paleozoic  0.059 
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MOLYBDENUM 


MuLYBDENUl'i 

1  C\/C  1   C     ^  i->  nm  ^ 

in  Vegetation 

Vegetation 
Type 

Tai 1 i  ngs 
Type 

Average  concentration 
or  (range) 

Rati  0 
Veg. /Tai 1 i  ngs 

Cattail 
(1  eaves ) 

Gold 

(Non-Aci d  j 

(U. oU  to  dU  j 

U.  3 

Urani  um 
^ iNon-AC  1  a  j 

n  7  9 

n  7 

Acid  Sulphide 

f  Til        Mt        DK  7n\ 

^LU,    INi,    KD,    Lu ) 

o  no 
U.  Uo 

Sulphide  (Cu) 
(Non-Acid) 

15 

6.8 

Silver  (As) 
(Non-Acid) 

76.3 

55 

Background 

,  Paleozoic 

1.5 

Horsetai 1 
(excl udi  ng 
roots) 

Gold 

^INOn-ACl  U  J 

Silver  (As) 
^iNon-AC  1  u ) 

(U.io  to  /Uj 

T 1  T 
01  .  J 

1  A 

Acid  Sulphide 
(Cu,  Pb,  Zn,  Pt) 

0.14 

0.05 

Urani  um 
(Non-Acid) 

1.05 

1 

Sulphide  (Cu) 
(Non-Acid) 

15 

6.8 

Bi  rch 
(leaves) 

Gold 

(Non-Acid) 

(0.19  to  81.3) 

1 

Uranium 
(Acid) 
.  (Non-Acid) 

0.50 
1.39 

0.2 
1.3 

Acid  Sulphide 
(Cu,  Ni) 

0.28 

0.3 

Background 

Paleozoic 
Precambrian 

0.85 
0.08 
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Popl ar 
(leaves) 

Gold 

(Non-Acid) 

(0.18  to  84.8) 

=  0.70 

Acid  Sulphide 

( Cu      Ml       Ph  7n^ 
^UU,    INI,    rU,    Ll\  ) 

Silver  (As) 
(Non-Acid) 

7.5 

5.4 

Background 

Paleozoic 
Precambrian 

0.20 
0.08 

Tamarack 
(needl es ) 

Gold 

(Non-Acid) 

0.62 

=  1.0 

Basswood 
\ 1  eaves ; 

Gold 

\  iNOn-MC  1  u  y 

ou  •  u 

in  Q 

p              -  - . 

Aspen 
(leaves) 

Gold 

(Non-Acid) 

20.65 

4.2 

BacK  g  rouna 

r  a  1  eu^U  1  t. 

Oak 

(leaves) 

Smelting  and 
Refining 
Kesi Que 
(Co,  Ag,  As) 

0.21 

0.00 

Mustard 

(leaves,  stems, 
flowers) 

Acid  Sulphide 
(Cu,  Ni) 

0.67 

0.6 

Fl eabane 
(leaves,  stems, 
f 1 owers ) 

Smelting  and 
Ref i  ni  ng 
Residue 
(Co,  Ag,  As) 

1.44 

0.00 

DdCKy  rounu 

r  a  1 cU£  u  1  ^ 

u .  u  □ 

Vetch 

(leaves,  stems, 
f 1 owers) 

Background 

Paleozoic 

1.05 
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Maple 
(leaves) 

Sulphide  (Cu) 
(Non-Acid) 

10 

4.5 

Gold 

(Non-Acid) 

2.00 

1.8 

Refinery  (As) 
Residue 

10 

0.02 

Background 

Paleozoi  c 
Precanbrian 

1.4 
0.14 

Wi 1 1 ow 
(leaves) 

Gold 

(Non-Acid) 

24 

=  8.4 

Background 

Paleozoic 

0.22 

Trefoi 1 

(leaves,  stens, 
fl owers) 

Uranium 
(Acid) 

Silver  (As) 

( Mnn-Ar  i  H  1 

(0.23  to  15.0) 

Mfi  Q  tn  fSft 

(=  0.02  to  5.6) 

^JO.J     tU           L  i.  J  j 

Gold 

(Non-Acid) 

8.3 

(1.5  to  94) 

Background 

Pal eozoic 

2.17 

Purple  Clover 
flowers) 

Gold 

( Nnn-Ar  i  rl  \ 

Acid  Sulphide 
(Cu,  Ni) 

1.06 

Background 

Paleozoic 

1.9 

Yellow  Sweet 

PI  n \/ o  r* 
V/  1  U  V  tr  I 

(leaves,  stems, 
flowers) 

Gold 

( Mnn_  Ar  i  rl  ^ 
^  nun— ML  1 u ) 

Acid  Sulphide 
(Cu,  Ni  ,  Pb,  Zn) 

99. 

CO 

0.68 

1  o .  o 

1.1 

Background 

Pal eozoi  c 

0.36 

Evergreen 
(needles) 

Gold 

(Non-Acid) 

0.20  (fir) 
0.06  (pine) 

=  0.01 
=  0.1 

Background 

Pal eozoi  c 

1.4 
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Grasses  Uranium 
(excluding  (Acid) 
roots) 

Gold 

(Non-Acid) 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

Sulphide  (Cu) 
(Non-Acid) 

Refinery  (As) 
Residue 

Background  Paleozoic 


0.35  =  0.02 

(0.29  to  5.33)  =  0.8 

1.12  =  1.7 

3.8  1.7 

2.70  0.01 
1.08 


-  65  - 


NICKEL 


NICKEL 

LEVELS  (ppm) 

in  Vegetation 

Vegetation 
Type 

Tai 1 i  ngs 
Type 

Average  concentration 
or  (range) 

Rati  0 
Veg./Tail ings 

Cattail 
(leaves) 

Gold 

(Non-Acid) 

6.5 

=  0.16 

Uranium 

(Non-Acid) 

(Acid) 

(-3  to  5.71) 
-3 

0.09  to  -0.1 
-1.5 

Acid  Sulphide 
(Cu,  Ni  ,  Pb,  Zn) 

-2.7 

0.02 

Sulphide  (Cu) 

[  INOn-AC  \  Q  ) 

0  .  D  / 

-  u.  OO 

Silver  (As) 
(Non-Acid) 

(-3  to  5.36) 

0.03  to  -0.05 

Background 

Paleozoic 

1.43 

Horsetai 1 
(excl udi  ng 
roots) 

Gold 

(Non-Acid) 

Silver  (As) 
(Non-Acid) 

3.62 
8 

-0.20 
0.04 

Acid  Sulphide 
(Cu,  Pb,  Zn,  Pt) 

(1.43  to  113) 

(0.02  to  0.03) 

Uranium 
^iNon-MCia } 

1    7  Q 

u.  U J 

Sulphide  (Cu) 
(Non-Acid) 

4.64 

=  0.5 

Background 

Pal eozoi  c 

0.71 

Birch 
(leaves) 

Gold 

(Non-Acid) 

4.6 

-0.2 

Uranium 

(Acid) 

( Non-Aci d  j 

4.64 
7. 14 

=  0.46 
0.11 

Acid  Sulphide 
(Cu,  Ni) 

30.35 

0.01 

Background 

Pal eozoi  c 
Precambrian 

0.71 
2.86 
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Pop! ar 
(leaves) 

Gold 

(Non-Acid) 

5.3 

=  0.4 

Acid  Sulphide 
(Cu,  Ni ,  Zn,  Pb) 

(4.64  to  78.54) 

0.05 

Silver  (As) 
(Non-Acid) 

3.21 

0.02 

1 1    a  n  1  1 1  m 
U  1  di  1  1  Ul!l 

(Acid) 
(Non-Acid) 

-3 
-3 

=  1.5? 

(-0.05  to  -0.1) 

Background 

Pal eozoi  c 
Precambrian 

0.86 
1.79 

Gol denrod 
(leaves,  sterns, 
flowers) 

Gold 

(Non-Acid) 

U  1  u  1 1  1  Ulil 

(Non-Acid) 

-3 

(-1  to  5) 

-0.06 

(-0.00  to  0.3) 

Ta  ma  r^a  c  L' 
1  arid  1  au  i\ 

(needles)' 

wU  1  U 

(Non-Acid) 

1.79 

0.02 

Rasswood 
(leaves) 

Gold 

(Non-Acid) 

21.78 

=  2.3 

Aspen 
(leaves) 

Gold 

(Non-Acid) 

15.7  ' 

=  0.6 

Background 

Paleozoic 

0.71 

Oak 

(leaves) 

Smelting  and 
Ref i  ni  ng 
Residue 

v^O,   Ag,  ASj 

Lo,  Cl 

n  m 
u.  U  i 

Mustard 

(leaves,  stens, 
leaves) 

Acid  Sulphide 
.(Cu,  Ni) 

7.85 

0.00 

r  1  tr  a  Ud  I  ic 

(leaves,  stems, 
fl owers) 

olllc:  1  U  1  n      a  1 1 U 

Refining 
Residue 
(Co,  Ag,  As) 

34.63 

0.02 

Background 

Pal eozoi  c 

0.71 
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Vetch 

(leaves,  stems, 
flowers) 

Acid  Sulphide 
(Cu) 

-3 

-0.1 

Background 

Paleozoic 

n.7i 

Maple 
(leaves) 

Sulphide  (Cu) 
(Non-Acid) 

9.28 

=  0.9 

Gold 

(Non-Acid) 

2.50 

0.05 

Refinery  (As) 
Residue 

9.28 

0.01 

Background 

Paleozoic 
Precambrian 

0.71 
0.71 

Wi 1 1 ow 
(leaves ) 

Gold 

(Non-Acid) 

12.9 

=  0.8 

Background 

Paleozoic 

0.71 

Trefoi 1 

(leaves,  steins, 
flowers) 

Urani  um 
(Acid) 

(-3  to  5.00) 

(-0.3  to  =  0.5) 

Silver  (As) 
(Non-Aci d ) 

(12.4  to  19) 

(0.00  to  0.3) 

Gold 

(Non-Acid) 

6 

=  0.4 

Background 

Pal eozoi  c 

3.93 

Purple  Clover 
(leaves,  stems, 
f 1 owers ) 

Gold 

(Non-Aci d  j 

Acid  Sulphide 
(Cu,  Ni) 

0.  D 

12.21 

=  0.7 

Background 

Pal eozoi  c 

0.71 

Yellow  Sweet 
CI  over 

(leaves,  stems, 
flowers) 

Gold 

(Non-Acid) 

Acid  Sulphides 
(Cu,  Ni ,  Pb,  Zn) 

-3 

(-3  to  20.7) 

-0.3 
-0.2 

Urani  un 

(Acid) 

9 

=  0.9 

Background 

Pal eozoi  c 

U.  71 

Evergreen 
(need! es) 

bo  1  d 

(Non-Acid) 

-3  (spruce) 
0.80  (fir) 
0.71  (pine) 

-0.1 
0.03 
=  0.07 

Urani  un 
(Non-Acid) 

-3  (Jack  Pine) 

-0.1 

Background 

Pal eozoi  c 

0.71  (pine) 

Grasses 
(excl uding 
roots ) 

Urani  um 
(Acid) 
(Non-Aci d ) 

-2.0 
-6 

-0.8 

-0.1  to  -1.5 

Gold 

^ iNOn-ACl  u  J 

0  7 

-c.  1 

Acid  Sulphides 

f  r M-i         Dk  7n^ 

^Lu ,  iNi ,  KD ,  zn  J 

.  oD  to  ocS ; 

n  A 
U.  4 

Sulphide  (Cu) 
(Non-Acid) 

2.86 

=  0.3 

Refinery  (As) 
Residue 

(31.06  to  41) 

(0.02  to  0.03) 

Background 

Pal eozoi  c 

0.71 
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NITROGEN 


NITROGEN 

LEVELS  (pp^) 

in  Vegetation 

Vegetati  on 

Tai 1 1 ngs 
Type 

Average  concentration 
or  (range) 

Ratio 
Veg. /Ta  i 1 i  ngs 

Cattai  1 
(leaves) 

Gold 

(Non-Acid) 

22,361 

561 

U  rani  um 
(Non-Acid) 

(6,810  to  20,000) 

399  to  454 

Urani  un 
(Acid) 

27,000 

386 

Sul phi  de 
(Acid) 

22,793 

383 

Sul phi  de 
(Non-Acid) 

10,500 

438 

Silver 

(with  arsenic) 

(20,500  to  22,780) 

(488  to  1,627) 

Background 

Pal eozoi  c 

21,750 

Horsetai 1 
(whole  plant 
excl uding 
roots ) 

Gold 

(Non-Acid) 
Si  1 ver 

(with  arsenic) 

14,333 
18,000 

294 

429 

Sul phi  de 
(Acid) 

(11,730  to  16,500) 

(280  to  348) 

Uranium 
(Non-Acid) 

15,500 

309 

Sul phi  de 
(Non-Acid) 

15,500 

646 

Background 

Paleozoic 

24,000 

Bi  rch 
(leaves) 

Gol  d 

(Non-Acid) 

20,214 

295 

Urani  um 
(Acid) 

30,000 

398 

Urani  um 
(Non-Acid) 

18,000 

359 
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Sul phi  de 
(Acid) 

22,500 

Background 

Pal eozoic 
Precanbrian 

24,000 
23,000 

Poplar 
(1  eaves ) 

Gold 

(Non-Acid) 

19,633 

384 

Sul phide 
(Acid) 

(22,800  to  28,500) 

(410  to  601) 

Si  1 ver 

(vvitii  arsi^oic) 

■:2,ooo 

524 

Uranium 

^ AC  1  a  ; 

io , / ou 

Uranium 
(Non-Acid) 

(6,930  to  8,560) 

(138  to  571) 

Background 

Paleozoic 
Precambri  an 

21,800 
24,000 

Go! denrod 
(flowers,  stens, 
leaves) 

Gold 

(Non-Acid) 

9,753 

162 

Urani  urn 
(Non-Acid) 

(4,860  to  9,200) 

(184  to  194) 

Tamarack 
(needl es ) 

Gold 

(Non-Acid) 

20,500 

205 

Basswood 
( 1  eaves ) 

Gold 

^INOn-MCl  Q  ) 

Q7/I 

Aspen 
( 1  eaves ) 

Gold 

^iNon-Aci  d  j 

, UUU 

Background 

Paleozoic 

24,000 

Oak 

(1  eaves ) 

Refinery 

Residue  (arsenic) 

22,500 

1,125 

Mustard 

(leaves,  stems, 
fl owers) 

Sul phide 
(Acid) 

23,500 

8,393 
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Fl eabane 


(leaves,  stems, 
f 1 owers ) 

Refinery 

KesiQue  ^arsenic^ 

10  nnn 
OC  f uuu 

1  cnn 
ijbUU 

Background 

Paleozoic 

23,000 

Vetch 

(leaves,  stems, 
f  1  owers ) 

Sul phi  de 
(Acid) 

27,270 

413 

Background 

Paleozoic 

36,500 

nap  1  e 
(1  eaves ) 

C  1  I  1  r\  n  1  H  Q 
OU  I  pn  I  Uti 

(Non-Acid) 
Gold 

(Non-Acid) 
Refinery 

r\cb  luUt:     \a.}  bcil  IL  j 

23,000 
15,000 
nnn 

CO  ,  U U V.J 

958 
125 
1  1  Rn 

1  ,  1  ou 

Background 

Pal eozoic 
Precambrian 

14,500 
18,500 

Wi 1 1 ow 

\  1  CO  VRS  ) 

Gold 

\  Huil-MC  1  a ) 

13,10/ 

OcO 

Background 

Paleozoic 

27,500 

Trefoi 1 
fl owers ) 

ij  r  d  n  1  Ul.l 

(Acid) 

(15,400 

to  32,000) 

(332  to 

300) 

Refinery 

Residue  (arsenic) 

(29,800 

to  31,000) 

(710  to 

928) 

Gold 

(Non-Acid) 

27,600 

505 

Background 

Paleozoic 

46,000 

Purple  Clover 
(leaves,  stems, 
f  1  owers ) 

Gold 

(Non-Acid) 

Sul phide 
(Acid) 

28,667 
36,000 

663 

Background 

Paleozoic 

37,000 
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Yellow  Sweet 
Clover 

M  pa  ve<?    <?tpms  . 
f 1 owers ) 

Gold 

(Non-Acid) 

15,780 

m 

:ll 

809 

Sul phi  de 
(Acid) 

23,950 

867  : 

Uranium 
(Acid) 

36,800 

488 

Background 

Paleozoic 

32,000 

Everareen 
(needl es ) 

] 

Soruce 

Gold 

(Non-Acid) 

5,360 

153  i 

Fi  r 

Gold 

(Non-Acid) 

14,500 

967  ^ 

Pine 

Gold 

(Non-Acid) 

1,500 

i 

23.4  ' 

i 

Jack  Pine 

Urani  um 
(Non-Acid) 

14,380 

959 

1, 

Background 
(Pi  ne) 

Paleozoic 

16,000 

1' 

1 

Grasses 

Urani  um 
(Acid) 

12,388 

331 

U rani  urn 
(Non-Acid) 

(3,770  to  4,850) 

(194  to  251) 

Gold 

(Non-Acid) 

8,940 

295  1 

Su 1 nh  i  dp 
(Acid) 

22,273 

505  1 

Sul phi  de 
(Non-Acid) 

12,000 

500  1 

Ref  i  nery 

Residue  (arsenic) 

(10,150  to  13,000) 

(508  to  650) 

Background 

Paleozoic 

24,200 
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PHOSPHORUS 


PHOSPHORUS   LEVELS  (ppm)  in  Vegetation 


Vegetation 
Type 

Tai 1 i  ngs 
Type 

Average  concentration 
or  (range) 

Ratio 
Veg. /Tai 1 i  ngs 

Cattail 
(leaves) 

Gold 

(Non-Acid) 

1,919 

7.7 

Uranium 
(Non-Acid) 

(550  to  1,500) 

(1.6  to  2.1) 

Uranium 
(Acid) 

3,200 

28 

Sul phide 
(Acid) 

2,028 

9 

Sul phide 
(Non-Acid) 

10,500 

438 

Refinery 

Residue  (arsenic) 

(1,200  to  1,300) 

2.5 

Background 

Paleozoic 

1,900 

Horsetai 1 
(excl udi  ng 
roots) 

Gold 

(Non-Acid) 

1,213 

2.6 

Refinery 

Residue  (arsenic) 

1,500 

2.9 

Sul phide 
(Acid) 

(800  to  1,300) 

(3.6  to  3.9) 

Urani  um 
(Non-Acid) 

15,500 

309 

Sul phide 
(Non-Acid) 

1,100 

4.8 

Background 

Pal eozoi  c 

2,600 

Bi  rch 
(1  eaves ) 

Gold 

(Non-Acid) 

1,643 

1.2 

Urani  um 
(Acid) 

2,700 

56 

Uranium 
(Non-Acid) 

1,800 

2 

-  74  - 


Sul phide 

(Acid) 


1,100 


3.3 


Background 

Paleozoic 
Precambrian 

2,900 
1,800 

Popl  ar 
(leaves) 

Gold 

(Non-Acid) 

1,293 

3.8 

Sulphide 
(Acid) 

(2,100  to  2,300) 

(3.2  to  7) 

Si  1 ver 
(Non-Acid) 

1,200 

2.3 

Urani  urn 
(Acid) 

1,590 

24 

Urani  urn 
(Non-Acid) 

(1,120  to  1,690) 

(1.2  to  6.4) 

Background 

Paleozoic 
Precambrian 

1,600 
1,800 

Gol denrod 
(stems,  flowers. 

Gold 

(Non-Acid) 

1 1  p/^  n  i  1  im 

(Non-Acid) 

1,747 

(1,170  to  1,240) 

2.4 

(1.4  to  3.3) 

1  Q  1 1  lU  1    U  \«  fS 

(need! es ) 

Gol  d 

(Non-Acid) 

1,200 

1 

Basswood 

(1  eaves ) 

Gold 

(Non-Acid) 

1,600 

1.1 

Aspen 
(1  eaves ) 

Gold 

(Non-Acid) 

1,200 

1.4 

Rpri^  nrniinH 

Duv-.IS,yi  UUilU 

Dal pnyni  c 

Oak 

(1  eaves ) 

Smelting  and 
Refining  Residue 
^  (Co,  Ag,  As) 

2,100 

1.9 

Yellow  Mustard 
(leaves,  flowers, 
stems) 

Sul phide 
(Acid) 
(Cu,  Ni) 

800 

2.4 
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Fl eabane 
(leaves,  stems, 
f 1 owers ) 

Smelting  and 
Ref i  ni  ng 
Residue 
(Co,  Ag,  As). 

3,100 

2.8 

Background 

Paleozoic 

3,200 

Vetch 

(leaves,  stems, 
flowers) 

Sul phide 
(Acid)  (Cu) 

2,610 

3.3 

Background 

Paleozoic 

2,500 

Mapl  e 
( 1  eaves ) 

Sul phide 

(Non-Acid)  (Cu)  • 

1,500 

6.6 

Gold 

(Non-Acid) 

1,000 

0.8 

Refinery 
Residue  (high 
arsenic) 

1,500 

1.4 

Background 

Paleozoic 
Precambrai  n 

1,200 
1,400 

Wi 1 1 ow 
(leaves) 

Gold 

(Non-Acid) 

833 

1.2 

Background 

Pal eozoi  c 

2,100 

Tref oi 1 

f ] pgupc    stems . 
fl owers ) 

Urani  urn 
(Acid) 

Si  1  ver 

(a  rseni  c-beari  ng) 

(1,450  to  2,300) 
(1,850  to  2,700) 

fl2.8  to  35) 
(3.5  to  4.8) 

Gold 

(Non-Acid) 

1,370 

3.1 

Background 

Paleozoic 

3,900 

 ^  \  _ 

Purple  Clover 
(leaves,  stems, 
f 1 owers 1 

Gold 

(Non-Acid) 

Sulphide 
(Acid) 
(Cu,  Ni) 

1,600 
2,800 

5.7 

Background 

Paleozoic 

2,700 
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Yellow  Sweet 


Cl over 

(leaves,  stems, 
flowers) 

Gold 

(Non-Acid) 

Sul phi  des 
(Acid) 

2,250 
2,593 

14 
•  9.5 

Urani  un 
(Acid) 

4,220 

88 

Background 

Pal eozoi  c 

3,700 

Evergreen 
(needles) 

Fi  r 

(need! es ) 

Gold 

(Non-Acid) 

700 

7 

Spruce 
(needles) 

Gold 

(Non-Acid) 

640 

9.3 

Pi  ne 

(needles) 

Gold 

(Non-Acid) 

900 

1.9 

Jack  Pine 
(need! es ) 

Urani  um 
(Non-Acid) 

1,040 

3.9 

Pine 

(needles) 

Background 
(Paleozoic) 

1,500 

Grasses 
(excl uding 
roots ) 

Uranium 
(Acid) 

Uranium 
(Non-Acid) 

1,784 

(320  to  600) 

12 

(1.2  to  1.7) 

Gold 

(Non-Acid) 

923 

1.9 

Sul phide 
(Acid) 

(Cu,  Ni ,  Pb,  Zn) 

2,093 

3.9 

Sulphide 

(Non-Acid) 

(Cu) 

800 

3.5 

Refinery 
Residue  (high 
arsenic) 

(1,095  to  1,900) 

(1.1  to  1.7) 

Background 

Paleozoic 

2,400 
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I 


POTASSIUM 


i 

I 

i' 


I 


POTASSIUM  LEVELS  (ppn)  in  Vegetation 


Vegetation 
Type 

Tai 1 i  ngs 
Type 

Average  concentration 
or  (range) 

Ratio 
Veg. /Tai 1 i  ngs 

Cattail 

^  1  rfd  V  c  3  y 

Gold 

f  Nnn-Ar  i  d  ^ 

1  7 

Uranium 

( Nnn-Ar  i  rl  1 

(P.  fifin  tn  99  000) 

U.J    uu  i./C 

Uranium 
(Acid) 

35,800 

3.1 

Sulphide 
(Acid) 

(Cu,  Ni ,  Pb, 

Zn) 

22,575 

2.1 

Sulphide 
(Non-Acid) 

17  200 

1.1 

Silver  (with 
arsenic) 

(20,000  to  22,600) 

(1.9  to  3.6) 

Background 

Pal eozoi  c 

17,100 

Horsetai 1 

^  c  xc  1  uu  1  ii  y 

roots) 

Gold 

^iNUrl— nC  1  U  j 

Silver  (with 
arsenic) 

i  0 , too 
28,733 

1.1 
2.7 

Sul phides 
(Acid) 

(Cm     Ni  Ph 

7n 

Pt  1     Mfi  Qnn  tn  99  900) 

1  ^ 

Urani  um 

^Nnn-Ar  i  rl  1 

27  400 

1  5 

Sulphide(Cu) 
(Non-Acid) 

13,900 

0.9 

Background 

Paleozoic 

27,900 

Birch 

1  1  PPl  VP^  \ 
\  1  c  a  V  c  o  1 

Gold 

1 

R  1  4"^ 

Uranium 
(Acid) 

16,100 

0.6 

Uranium 
(Non-Aci d  j 
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n  Q 
U .  o 

Sul phide 
(Acid)  (Cu,  Ni) 


9,100 


1.9 


Background 

Paleozoic 
Precambrian 

8,100 
15,500 

Poplar 
( 1  eaves ) 

Gold 

(Non-Acid) 

11,200 

0.8 

Sulphide 
(Acid) 

(Cu,  Pb,  Zn,  Ni) 

(21,100  to  27,300) 

(1.3  to  2.9) 

Silver  (with 
arsenic) 

12,600 

1.2 

Uranium 
(Acid) 

13,500 

2.1 

Urani  urn 
(Non-Acid) 

(5,800  to  6,000) 

0.3 

Background 

Paleozoic 
Precambri  an 

6,900 
7,100 

Gol denrod 
(leaves,  stems, 
flowers) 

Gold 

(Non-Acid) 

Urani  urn 
(Non-Acid) 

16,568 

(14,100  to  16,500) 

0.5 
0.8 

Tamarack 
(needles ) 

Gold 

(Non-Acid) 

9,300 

1.1 

Basswood 
(1  eaves ) 

Gold 

(Non-Acid) 

13,500 

0.3  \ 

Aspen 
(1  eaves ) 

Gold 

(Non-Acid) 

16,750 

0.5 

Background 

Paleozoic 

1 

9,000 

Oak 

(leaves ) 

Smelting  and 
Ref i  ni  ng 
Residue 
(Co,  Ag,  As) 

7,100 

23.7 
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Yellow 


Mustard 

(leaves,  stems, 
f  1  owers ) 

Sul phide 
(Acid) 
(Cu,  Ni) 

14,700 

3.1 

Fl eabane 
(leaves,  stems, 
f 1 owers ) 

Smelting  and 
Refining  Residue 
(Co,  Ag,  As) 

27,000 

90 

Background 

Paleozoic 

25,600 

Vetch 

(leaves,  stems, 
f 1 owers ) 

Sul phi  de 
(Aci d  j 
(Cu) 

15,200 

51 

Background 

Paleozoic 

21,700 

Maple 
(1  eaves ) 

Sul phide 

(Non-Acid) 

(Cu) 

18,800 

1.2 

Gold 

(Non-Acid) 

12,300 

0.5 

Refinery 
Residue  (high 
arsenic) 

18,800 

63 

Background 

Paleozoic 
Precambrian 

4,400 
9,100 

Wi 1 1 ow 
(1  eaves ) 

Gol  d 

(Non-Acid) 

10,067 

0.5 

Background 

Pal eozoi  c 

9,600 

Trefoi 1 

(leaves,  stems, 
flowers) 

Urani  urn 
(Acid) 

Silver  (with 
arsenic) 

(10,300  to  25,100) 
(21,000  to  30,100) 

(0.4  to  3.7) 
(2  to  5.1) 

bo  1  d 

(Non-Acid) 

15,940 

1.3 

Background 

Paleozoic 

41,700 
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Purple  Clover 
(leaves,  stems, 
flowers) 

Gold 

(Non-Acid) 

Sulphide 

f Acid)  fCu .  Ni ) 

22,700 
22,400 

variable 

Background 

Pal eozoi  c 

21,700 

Yellow  Sweet 
CI  over 

(leaves,  stems, 
f 1 owers ) 

Gold 

(Non-Acid) 

Sulphide 
(Acid) 

14,300 
13,200 

1.3 

variable 

Urani  urn 
(Acid) 

19, 100 

0.  7 

Background 

Paleozoic 

15,200 

Evergreen 
(needl es ) 

Fir 

(needles) 

Gold 

(Non-Acid) 

3,700 

6.2 

Spruce 
(needles) 

Gold 

(Non-Acid) 

6,800 

1.3 

Pine 

(needles) 

Gold 

(Non-Acid) 

3,300 

0.2 

Jack  Pine 
(needles ) 

Uranium 
(Non-Acid) 

6,300 

0.4 

Pine  (needles) 
Background 

Paleozoic 

4,800 

Grasses 
(excl udi  ng 
roots) 

Urani  um 
(Acid) 

12,100 

1.5 

Uranium 
(Non-Acid) 

(5,400  to  7,800) 

(0.3  to  0.4) 

Gold 

(Non-Acid) 

5,788 

0.4 

Sul phide 
(Acid) 

20,431 

1.7 

Sul phide 
(Non-Acid) 

12,700 

0.8 
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Refinery 
Residue  (high 

arsenic)  (4,300  to  12,300)  (14.3  to  41) 


Background  Paleozoic  25,600 
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SELENIUM 

LEVELS  (ppm)  in  Vegetation 

Vegetation 
Type 

Tai 1 i  ngs 
Type 

Average  concentration 
or  (range) 

Rati  0 
Veg. /Tai 1 i  ngs 

Cattai 1 
(1  eaves ) 

Gold 

(Non-Acid) 

0.08 

=  0.03 

Urani  urn 

(Non-Acid) 

(Acid) 

(0.13  to  -1) 
-1 

(  =  0.13  to  -2. 
-2.0 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

-0.6 

0.2 

Sulphide  (Cu) 
(Non-Acid) 

0.12 

0.02 

Silver  (As) 

(0.05  to  -1) 

(0  03  tn  -1 ) 

Background 

Pal eozoi  c 

0.07 

Horsetai 1 
(excl udi  ng 
roots ) 

Gold 

(Non-Acid) 

Silver  (As) 
(Non-Acid) 

-0.06 
-0.04 

-0.02 
-0.02 

Acid  Sulphide 
(Cu,  Pb,  Zn,  Pt) 

(-1  to  16) 

(0.2  to  -0.3) 

Uranium 
(Non-Acid) 

0.02 

=  0.02 

CiilnhiH^  III 

ouipriiuc  v^uy 
(Non-Acid) 

0.06 

0.01 

Background 

Pal eozoi  c 

0.03 

Birch 
(leaves) 

Gold 

(Non-Acid) 

0.05 

-0.01 

Urani  urn 

(Acid) 

(Non-Acid) 

0.03 
0.05 

=  0.03 
=  0.05 

-Acid  Sulphide 

0.01 

Background 

Paleozoic 
Precanbrian 

0.09 
0.03 
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Popl ar 
(leaves) 


Gold 

(Non-Acid) 


0.09 


=  0.03 


Acid  Sulphide 
(Cu,  Pb,  Zn,  Ni ) 

(0.55  to  22) 

(0.04  to  0.3) 

o\  1 ver  [Rs ) 
(Non-Acid) 

0.02 

0.01 

Uranium 

(Acid) 

(Non-Acid) 

-1 

-1 

=  2  ? 

(  =  1  ?  to  =  2 

Background 

Paleozoic 
r  recamor 1  an 

0.07 

Gol denrod 
(leaves,  stems, 
f 1 owers ) 

Gold 

(Non-Acid) 

-1 

-0.5 

Urani  urn 
(Non-Acid) 

-1 

-1  to  -2 

Tamarack 
(needl es ) 

Gold 

(Non-Acid) 

0.28 

0.09 

naS SWOOQ 

(leaves) 

UO  1  U 

(Non-Acid) 

0.12 

0.06 

Aspen 
(leaves) 

Gold 

(Non-Acid) 

0.08 

=  0.06 

Background 

Pal eozoi  c 

0.08 

Oak 

(leaves) 

Smelting  and 
Refi  ni  ng 
Residue 
(Co,  Ag,  As) 

0.05 

=  0.1 

Mustard 

(leaves,  stems, 
f 1 owers ) 

Acid  Sulphide 
(Cu,  Ni) 

,  0.16 

0.02 

Fl eabane 
(leaves,  stems, 
f 1 owers ) 

Smelting  and 
Ref i  ni  ng 
Residue 
(Co,  Ag,  As) 

0.02 

=  0.04 

Background 

Pal eozoi  c 

0.05 
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Vetch 

(leaves,  stems, 
flowers) 

Acid  Sulphide 
(Cu) 

-1 

-2 

Background 

Paleozoi  c 

0.05 

Mapl  e 
(leaves) 

Sulphide  (Cu) 
(Non-Acid) 

0.04 

0.01 

Gold 

(Non-Acid) 

0.17 

=  0.17 

Refinery  (As) 
Residue 

0.04 

=  0.08 

Background 

Paleozoic 
Precanbrian 

0.06 
-0.02 

■ 

Wi 1 1 ow 
(leaves) 

Gold 

(Non-Acid) 

0.06 

=  0.03 

Background 

Paleozoic 

0.09 

Trefoi 1 

(leaves,  stens, 
flowers) 

Urani  um 
(Acid) 

Silver  (As) 
(Non-Acid) 

(0.02  to  0.05) 
(-0.06  to  0.07) 

(0.02  to 
(-0.03  to 

=  0.05) 
=  0.07) 

Gold 

(Non-Acid) 

-0.04 

0.02 

Background 

Paleozoic 

0.03 

Purpl e 
CI  over 

(leaves,  stens, 
f 1 owers ) 

Gold 

(Non-Acid) 

Acid  Sulphide 
(Cu,  Ni) 

0.07 
0.03 

=  0.03 

Background 

Paleozoic 

0.03 

Yellow  Sweet 
CI  over 

(leaves,  flowers, 
stems ) 

'Gold 
(Non-Acid) 

Acid  Sulphide 
(Cu,  Ni ,  Pb,  Zn) 

-1 

-0.7 

-1 

-0.1 
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Urani  um 
(Acid) 


-1 


-1 


Background 

Paleozoic 

0.05 

Evergreen 
(needles) 

Gold 

(Non-Acid) 

-1  (spruce) 

U.Ui    (11 r  j 

0.11  (pine) 

-2 

=  0.1 

Uranium 
(Non-Acid) 

-1  (Jack  pine) 

-2 

Background 

Paleozoic 

0.06  (pine) 

Grasses 
(excl udi  ng 
roots ) 

Uranium 
(Aci d ) 
(Non-Acid) 

O.Uo 
-1 

=  u.uy 
-2 

bO  1  d 

(Non-Acid) 

-0.5 

0,3 

Acid  Sulphide 
(Cu,  Ni ,  Pb,  Zn) 

0.29 

0.02 

bulpnide  (Luj 
(Non-Acid) 

0.04 

0.01 

Refinery  (As) 
Residue 

(0.05  to  -1) 

=  0.1  to  -2 

Background 

Paleozoic 

0.06 

I 

I 

-  86  - 


SODIUM 


SODIUM 

LEVELS  (ppm)  in  Vegetation 

Vegetation 
Type 

Tai 1 i  ngs 
Type 

Average  concentration 
or  (range) 

Ratio 
Veg. /Tai lings 

Cattail 
(leaves ) 

Gold 

f Nnn-Ar i  d \ 

400 

0.2 

Uranium 

f  Nnn-Ar  ^(\^ 

ffiOO  tn  1  02^) 

\Kj\J\J       \^\J       X  ^  <J  0  'J  J 

(0.03  to  0.05) 

Urani  um 

/ 

1.1 

Acid  Sulphide 
ffij    Ni     Pb  7n^ 

700 

t  \J\J 

-0.1 

(Non-Acid) 

500 

0.05 

Silver  (As) 

(95  to  200) 

0.00  to  0.02 

Background 

Paleozoic 

1,100 

Horsetai 1 
(excl udi  ng 
root  s ) 

Gold 

CNnn-Ar i  d ) 

Silver  (As) 
( Non-Aci  d ) 

600 

\J  \j  \j 

433 

0.14 
0.05 

Acid  Sulphide 
(C\i     Ph    7n    Pt  ^ 

0.2 

Urani  um 
f Nnn-Ar  i  d  ^ 

500 

0.02 

Sulphide  (Cu) 
(Non-Acid) 

400 

0.04 

Background 

Pal eozoi  c 

400 

Bi  rch 
(leaves) 

Gold 

(Non-Acid) 

257 

0.1 

Uranium 

(Acid) 

fNnn-Arid^ 

300 

200 

0.3 

0.01 

Sulphide  (Acid) 
(Cu,  Ni) 

200 

0.02 

Background 

Paleozoic 
Precambrian 

400 
300 
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Poplar 
(leaves) 

Gold 

(Non-Acid) 

340 

0.04 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

(500  to  600) 

(0.03  to  0.08) 

Si  1 ver 
(Non-Acid) 

200 

0.02 

Urani  urn 

(Acid) 

(Non-Acid) 

-4 

(-4  to  11) 

0.00 

(-0.00  to  0.00) 

Background 

Paleozoic 
Precambrian 

400 
1,500 

Go! denrod 
(leaves,  stens, 
f 1 owers ) 

Gold 

(Non-Acid) 

Urani  urn 
(non-Acid) 

(-4  to  78) 
(-4  to  76) 

-0.00 

(-0.00  to  0.00) 

Tamarack 
(needl es ) 

Gold 

(Non-Acid) 

200 

0.01 

Basswood 
(leaves) 

Gold 

(Non-Acid) 

300 

0.02 

Aspen 
(leaves ) 

Gold 

(Non-Acid) 

o  p  r\ 

350 

0.03 

Background 

Paleozoic 

200 

Oak 

(leaves) 

Smelting  and 
Ref 1 m  ng 
Residue 
(Co,  Ag,  As) 

100 

0.4 

Mustard 

(leaves,  flowers, 
stems ) 

Acid  Sulphide 
(Cu,  Ni ) 

300 

0.03 

Fl eabane 

(leaves,  flowers, 
stems) 

Smelting  and 
Refining 
Residue 
(Co,  Ag,  As) 

/inn 

i  .  0 

Background 

Paleozoic 

300 
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Vetch 

(leaves,  stems, 
fl owers) 

Acid  Sulphide 
(Cu) 

98 

0.2 

Background 

Paleozoic 

300 

Maple 
(leaves ) 

Sulphide  (Cu) 
(Non-Acid) 

1,100 

0.1 

Gold 

(Non-Acid) 

200 

0.01 

Refinery  (As) 
Residue 

1,100 

4.2 

Background 

Paleozoic 
Precambrian 

300 
400 

Wi 1 1 ow 
(leaves) 

Gold 

(Non-Acid) 

267 

0.04 

Background 

Pal eozoi  c 

400 

Trefoi 1 

(leaves,  flowers, 
stems) 

Urani  urn 

/  A  *  '  -J  \ 

(Acid) 
Silver  (As) 

(7  to  400) 
300 

(0.02  to  1.4) 
(0.00  to  0.04) 

Gold 

(Non-Acid) 

260 

0.04 

Background 

Paleozoic 

200 

Purple  Clover 
(leaves,  stems, 
flowers) 

Gold 

(Non-Acid) 

Acid  Sulphide 
(Cu,  Ni) 

300 
300 

0.1 

Background 

Pal eozoi  c 

300 

Yellow  Sweet 
CI  over 

(leaves,  stems, 
f 1 owers ) 

Gold 

(Non-Acid) 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

-4 

158 

-0.00 

0.01 
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Urani  urn 
(Acid) 

98  ' 

0.08 

Background 
(white  sweet 
cl over) 

Paleozoic 

600 

E  verg  reen 
(needles) 

Gold 

(Non-Acid) 

-4  (spruce) 
200  (fir) 
300  (pine) 

-0.00 

0.6 

0.06 

Uranium 
(Non-Aci d ) 

-4  (Jack  Pine) 

-0.00 

Background 

Pal eozoi  c 

400 

Grasses 
(excl uding 
roots ) 

Uranium 
(Acid) 

400 

0.8 

Urani  urn 
(Non-Acid) 

(-4  to  176) 

-0.00  to  0.01 

Gold 

(Non-Acid) 

low  12.5;high  320 

low  0.00;high  0 

Acid  Sulphide 
(Cu,  Ni ,  Pb,  Zn) 

458 

0.04 

Sulphide  (Cu) 
(Non-Acid) 

400 

0.04 

Refinery  (As) 
Resi  due 

(9(1  to  5UU ) 

(u.o  to  i.yj 

Background 

Paleozoic 

500 
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SULPHUR 

LEVELS  (ppm)  in  Vegetation 

Vegetation 
Type 

Tai 1 i  ngs 
Type 

Average  concentration 
or  (range) 

Rati  0 
Veg. /Tai 1 i  ngs 

Cattail 
(1  eaves ) 

Gold 

(Non-Acid) 

3,513 

0.4 

Uranium 
(Non-Acid) 

(1,600  to  1,900) 

(0.09  to  0.2) 

Urani  um 
(Acid) 

3,700 

0.2 

Acid  Sulphide 
(Cu,  Ni ,  Pb,  Zn) 

4,850 

0.4 

Sulphide  (Cu) 
(Non-Acid) 

3,900 

0.3 

Silver  (As) 

(3,100  to  6,400) 

(0.6  to  3.2) 

Background 

Paleozoic 

1,300 

Horsetai  1 
(excl udi  ng 
roots) 

Gold 

(Non-Acid) 

Silver  (As) 
(Non-Acid) 

-8,193 
5,866 

-0.9 
1.1 

Acid  Sulphide 
(Cu,  Pb,  Zn,  Pt) 

(3,000  to  13,600) 

(0.2  to  1.1) 

Uranium 
(Non-Acid) 

12,000 

U.  94 

Sulphide  (Cu) 
(Non-Acid) 

13,000 

0.9 

Background 

Pal eozoi  c 

-13,000 

Bi  rch 
(leaves) 

Gold 

(Non-Acid) 

1,400 

0.2 

Urani  um 

(Acid) 

(Non-Acid) 

6,200 
1,100 

1.3 
U.U9 

Sulphide  (Acid) 
(Cu,  Ni) 

3,300 

0.06 

Background 

Paleozoic 
Precambri  an 

1,300 
800 
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Popl ar 
(leaves) 

Gold 

(Non-Acid) 

3,453 

0.3 

Acid  Sulphide 
(Cu,  Zn,  Pb,  Ni) 

5,600 

0.3 

- 

Silver  (As) 
(Non-Acid) 

900 

0.2 

1 1  r  a  n  i  rim 
u  1  ail  1  u  1 1  f 

(Acid) 
(Non-Acid) 

4,400 

(1,900  to  6,700) 

0.6 

(0.1  to  0.4) 

Background 

Paleozoic 
Precambrian 

2,300 
1,600 

uU  1  u  tri  1 1  uu 

(leaves,  stems 
f 1 owers ) 

Gold 

(Non-Acid) 

(-100  to  4,100) 

-0.2 

Uranium 
(Non-Acid) 

(3,200  to  4,600) 

(0.3  to  0.8) 

Tamarack 
(need! es ) 

Gold 

(Non-Acid) 

4,700 

0.2 

Basswood 
(leaves) 

Gold 

(Non-Acid) 

6,800 

lo5 

Aspen 
(leaves) 

Gold 

(Non-Acid) 

5,300 

1.0 

Background 

Paleozoic 

2,400 

Oak 

(leaves) 

Smelting  and 
Refining 
Residue 
(Co,  Ag,  As) 

1,500 

0.01 

Mustard 

(leaves,  flowers, 
stems ) 

Acid  Sulphide 
(Cu,  Ni) 

700 

0.01 
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Fl eabane 
fl owers) 

Smelting  and 
Rpfi  ni  no 
Residue 
(Co,  Ag,  As) 

4,500 

0.04 

Background 

Pal eozoi  c 

1,600 

\lotrh 

V  C  L 

(leaves,  stens, 
f 1 owers ) 

Arid  *^ll^nh^(^p 

(Cu) 

3,800 

0.6 

Background 

Paleozoic 

1,800  . 

Mapl  e 
(1  eaves ) 

Sulphide  (Cu) 
(Non-Acid) 

4,000 

0.3 

Gold 

(Non-Acid) 

4,500 

0.7 

Refinery  (As) 
Residue 

4,000 

0.04 

Background 

Paleozoic 
Precambrian 

1,700 
2,500 

Wi 1 1 ow 
(leaves) 

Gold 

(Non-Acid) 

3,900 

0.7 

Background 

Paleozoic 

5,600 

Trefoi 1 
fl owers ) 

Urani  um 
f Ar i  d ) 

Silver  (As) 

(I  400  tn  2  0001 
(2,350  to  3,800) 

^0  03  tn  0  31 
(0.4  to  1.5) 

Gold 

(Non-Acid) 

1,117 

0.1 

Background 

Paleozoic 

3,900 

Purple 
CI  over 

(leaves,  stems, 

f  1  nwpr"N  1 

Gold 

(Non-Acid) 

'Acid  Sulphide 
(Cu,  Ni) 

250 

■ 

1,800 

0.03 

Background 

Pal eozoi  c 

1,600 
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Yellow  Sweet 


CI  over 

(leaves,  steins, 
flowers) 

Gold 

(Non-Acid) 

Acid  Sulphides 
(Cu,  Ni ,  Pb,  Zn) 

4,900 
2,100 

1.1 
0.3 

- 

1 1  p  a  n  i  1 1  rn 

(Acid) 

6,200 

1.3 

Background 

Paleozoic 

1,500 

Evergreen 
(needl es ) 

Gold 

(Non-Acid) 

4,500  (spruce) 
500  (fir) 
100  (pine) 

1.6 

0.03 

0.00 

1 1  Prj  n  i  1  im 

(Non-Acid) 

4,500  (Jack  Pine) 

0.2 

Background 

Paleozoic 

800  (pine) 

Grasses 

(excl udi  ng 
roots) 

Urani  um 

(Acid) 

(Non-Acid) 

2,060 

(3,300  to  6,800) 

0.5 

0.4  to  0.6 

Gold 

(Non-Acid) 

2,267 

0.1 

Acid  Sulphide 
(Cu,  Ni ,  Pb,  Zn) 

2,881 

0.3 

Sulphide  (Cu) 
(Non-Acid) 

1,300 

0.09 

Refinery  (As) 
Residue 

(4,100  to  1,700) 

0.01  to  0.04 

Background 

Paleozoic 

3,300 
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VANAniUM 

LEVELS  (ppm)  in  Vegetation 

Vegetation 
Type 

Tailings 
Type 

Average  concentration 
or  (range) 

Rati  0 
Veg. /Tailings 

Cattail 
(leaves) 

Gold 

(Non-Acid) 

-6 

-0.08 

Uranium 

(Non-Acid) 

(Acid) 

-6 
-6 

-0.2 
-0.2 

Acid  Sulphide 
(Cu    Ni     7n  Pbl 

-6 

-0.04 

Silver  (As) 
(Non-Acid) 

-6 

-0.04 

Horsetai  1 
(excl uding 
roots ) 

Gold 

f Non-Aci  d 1 

Acid  Sulphide 
(Cu,  Pb,  Zn,  Pt) 

-6 

-6 

■  -0.05 
-0.04 

Popl ar 
(1  eaves ) 

Urani  urn 

(Acid) 

(Non-Acid) 

-6 
-6 

=  0.6  ? 

(-0.04  to  -0.2) 

Gol denrod 
(leaves,  stems, 
f 1 owers ) 

Gold 

fNon-Aci  d ) 

Urani  um 
(Non-Acid) 

-6 
-6 

-0.04 

-0.04  to  -0.2 

Vetch 

(leaves,  flowers 
stems ) 

Acid  Sulphide 
,  (Cu) 

-6 

-0.2 

Tref oi 1 

(leaves,  stems, 
f 1 owers ) 

Urani  um 
(Acid) 

-6 

-0.6 

Yellow  Sweet 
Cl over 

(leaves,  flowers 
stems ) 

Gold 

(Non-Acid) 

Acid  Sulphide 
(Cu,  Pb,  Zn) 

-6 
-6 

-0.1 

-0.2 

Urani  um 
(Acid) 

-6 

-0.2 

i 
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Evergreen 
(needl es ) 


Gold 

(Non-Acid) 


-6  (spruce) 


-0.2 


Uranium 
(Non-Acid) 


-6 


•0.2 


Grasses 
(excl udi  ng 
roots) 


llrani  un 

(Acid) 

(Non-Acid) 

Gold 

(Non-Acid) 

Acid  Sulphide 
(Cu,Ni ,  Pb,  Zn) 

Refinery  (As) 
Residue 


-6 
-6 


-6 


-6 


-6 


-0.5 
-0.2 


-0.05 

-0.2 

-0.8 
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Z  I 


ZINC 

LEVELS  (ppm) 

in  Vegetation 

Vegetation 
Type 

Tai 1 ings 
Type 

Average  concentration 
or  (range) 

Rati  0 
Veg. /Tai 1 i  ngs 

Cattail 
(1  eaves ) 

Gold 

(Non-Acid) 

17.9 

0.21 

uran  1  urn 

(Non-Acid) 

(Acid) 

(16  to  23) 
24 

(0.07  to  0.2) 
0.6 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

43.3 

0.3 

Sulphide  (Cu) 
(Non-Acid) 

0.1 

Silver  (As) 
(Non-Acid) 

(13  to  75) 

(0.1  to  0.3) 

Background 

Paleozoic 

24 

Horsetail 
(excl udi  ng 
root  s ) 

Gold 

(Non-Acid) 

Silver  (As) 
(Non-Acid) 

60 
25 

0.5 
0.23 

Acid  Sulphide 
(Cu,  Pb,  Zn,  Pt) 

(22  to  274) 

(0.2  to  0.3) 

Urani  um 
(Non-Acid) 

32 

0.22 

Sulphide  (Cu) 
(Non-Acid) 

42 

0.3 

Bi  rch 
(1  eaves ) 

Gold 

(Non-Acid) 

329 

3.4 

1 1  r*  3  n  1  1 1  m 

U  rdn  1  UlM 

(Acid) 
(Non-Acid) 

125 
306 

12.8 
2.1 

Acid  Sulphide 
(Cu,  Ni) 

83 

0.6 

Background 

Paleozoic 
Precambrian 

62 
403 
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Popl ar 
(1  eaves ) 

Gold 

(Non-Acid) 

574 

5.4 

Acid  Sulphide 
(Cu,  Ni ,  Zn,  Ni ) 

(104  to  1,417) 

0.9 

- 

Silver  (As) 
(Non-Acid) 

143 

1.3 

1 1  r  3  n  1 1  im 

(Acid) 
(Non-Acid) 

189 

(192  to  274) 

31.5 

(0.9  to  1.9) 

Background 

Paleozoic 
Precambrian 

153 
612 

Goldenrod 
(leaves,  stens, 
f 1 owers ) 

Gold 

(Non-Acid) 

Uranium 
(Non-Acid) 

47.3 

(115  to  120) 

0.5 

(0.8  to  2.3) 

Tamarack 
(needl es ) 

Gold 

(Non-Acid) 

32 

0.5 

Basswood 
(1  eaves ) 

Gold 

(Non-Acid) 

765 

7.1 

Aspen 
(leaves) 

Gold 

(Non-Acid) 

966 

9.1 

Background 

Paleozoic 

97 

Oak 

(1  eaves ) 

Smelting  and 
Refining 
Residue 
(Co,  Ag,  As) 

19 

0.08 

Mustard 

(leaves,  stems, 
flowers) 

Acid  Sulphide 
(Cu,  Ni) 

24 

0.2 

Fl eabane 
flowers) 

Smelting  and 

Rp'fininn 

Residue 
(Co,  Ag,  As) 

72 

0.3 

Background 

Paleozoic 

87 
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Vetch 

(leaves,  stems, 
fl owers ) 

Acid  Sulphide 
(Cu) 

17 

0.1 

Background 

Paleozoic 

48 

Mapl  e 
(leaves) 

Sulphide  (Cu) 
(Non-Acid) 

13 

0.09 

Gold 

(Non-Acid) 

35 

0.3 

Refinery  (As) 
Resi  due 

13 

0.05 

Background 

Paleozoic 
Precambrian 

24 
37 

■ 

Wi 1 1 ow 
(leaves) 

Gold 

(Non-Acid) 

548 

3.8 

Background 

Paleozoic 

379 

 !  

Trefoi 1 

(leaves,  stems, 
flowers) 

Urani  um 
(Acid) 

Silver  (As) 
(Non-Acid) 

(6.0  to  56) 
(25  to  54) 

(0.6  to  8.3) 
(0.2  to  0.5) 

Gold 

(Non-Acid) 

57 

0.2 

Background 

Paleozoic 

56 

Purple  Clover 
(leaves,  stems, 
f 1 owers) 

Gold 

(Non-Acid) 

Acid  Sulphide 
(Cu,  Ni) 

46 
26 

0.1 

Background 

Paleozoic 

39 

Yellow  Sweet 
CI  over 

(leaves,  stems, 
f 1 owers ) 

Gold 

(Non-Acid) 

Acid  Sulphide 
(Cu,  Ni,  Pb,  Zn) 

35 

(16  to  670) 

0.7 

n.3 
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Urani  um 
(Acid) 


22 


2.2 


Background 


Paleozoic 


Evergreen 
(need! es ) 


Gold 

(Non-Acid) 


Background 


Urani  um 
(Non-Acid) 

Paleozoic 


Grasses 
(excl udi  ng 
roots) 


Urani  um 

(Acid) 

(Non-Acid) 

Gold 

(Non-Acid) 

Acid  Sulphide 
(Cu,  Ni ,  Pb,  Zn) 

Sulphide  (Cu) 
(Non-Acid) 

Refinery  (As) 
Residue 


Background 


Paleozoic 


31 


132  (spruce) 
119  (fir) 
51  (pine) 


108  (Jack  Pine) 
32  (pine) 


2.6 
0.9 
0.1 


0.5 


22.4 

(83  to  160) 


32.3 

(23  to  966) 
40 


2.1 

0.7  to  1.7 


0.3 
0.3 
0.3 


26 
42 


0.1 
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APPENDIX  A 
SAMPLING  AND  ANALYSIS 


SAMPLING  AND  ANALYSIS 


In  the  summer  and  fall  of  .1977,  177  composite  samples  of  vegetation 
growing  on  35  Ontario  tailings  areas  were  collected  and  analyzed  for 
the  following  23  parameters. 


nitrogen 

lead 

Dho*;DhoriJS 

cadmi  um 

\^  U  \Jt  III   )    vl  1 1 1 

potassi  urn 

chromi  um 

cal ci  urn 

i  ron 

magnesium 

manganese 

sodium 

copper 

sul phur 

zinc 

sel eni  urn 

aluminum 

boron 

molybdenum 

arsenic 

cobalt 

ni  ckel 

mercury 

vanadi  urn 

During  the  1980  field  season,  a  further  55  composite  samples  were 
collected  from  an  additional  27  mining  properties  and  analysed  for 
similar  parameters. 

Analysis  of  plant  material  collected  was  carried  out  by: 

a)  Plant  Analysis  Laboratory 
University  of  Guelph 
Guelph,  Ontario 

b)  Enviroclean  Laboratory 

Division  of  MacLaren  Engineers,  Planners  and  Scientists  Inc. 
London,  Ontario 

In  all  cases,  clean  but  unwashed  vegetation  samples  were  placed  in 
protective  ventilated  containers  and  allowed  to  air-dry  for  several 
weeks . 
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Analytical  methodology  involved  drying  the  samples  to  a  constant 
weight  at  lin°C  and  then  grinding  them  to  pass  a  0.5  mm.  mesh 
sieve.    The  samples  were  normally  stored  in  closed  bottles  in  a 
dessicator  until  analysis  was  complete. 

Total  nitrogen  and  total  phosphorus  determinations  involved 
digesting  the  samples  with  concentrated  sulphuric  acid  and  mercuric 
oxide  in  a  block  digester.    After  cooling,  both  parameters  were 
determined  by  Auto  Analyser, 

Total  arsenic  and  total  selenium  values  were  obtained  by  digesting 
the  samples  with  nitric  acid  and  perchloric  acid  in  a  block 
digester.    After  cooling  and  reduction  with  potassium  iodide,  the 
parameters  were  determined  by  hydride  formation  and  non-flame  atomic 
absorption  spectrometry. 

Total  sulphur  was  determined  using  a  Leco  furnace. 

The  determination  of  most  other  parameters  including  potassium, 
calcium,  magnesium,  sodium,  copper,  nickel,  zinc,  cadmium,  cobalt, 
iron,  manganese,  chromium  and  vanadium  was  achieved  by  digesting  the 
samples  in  nitric  and  perchloric  acids  in  a  block  digester.  After 
cooling  and  making  to  volume,  the  metals  were  determined  by  flame 
atomic  absorption. 

Routine  quality  assurance  procedures  included: 

(i)  analysis  of  blank  solutions  to  establish  background  levels 
of  contamination 

(ii)      spiking  of  samples  to  determine  recovery 

(iii)  duplicate  analyses  to  determine  reproducibility 

(iv).     check  of  standards  to  determine  uniform  instrument 
response 
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It  should  be  noted  that  NONE  OF  THE  SAMPLES  SUBMITTED  FOR  ANALYSIS 
INCLUDED  THE  ROOTS  OF  THE  PLANTS. 


Unless  otherwise  indicated,  all  analytical  results  in  this  report 
refer  to  the  dry  weight  of  the  plant  tissues  being  tested  and  are 
expressed  as  "parts  per  million". 

In  general ,  the  vegetation  sampled  for  this  report  was  growing  in 
areas  remote  from  the  influence  of  smelters,  refineries  and  similar 
sources  of  airborne  contaminants. 

The  vegetation  species  sampled -were  selected  on  the  basis  of  their 
common  occurrence  in  and  around  Ontario  tailings  areas.  Only 
specimens  of  roughly  the  same  age,  maturity  of  foliage,  and  coming 
from  similar  positions  on  the  plants  were  collected.  Relevant 
background  (vegetation)  samples  were  taken  in  carefully  chosen 
1 pcations. 

The  vegetation  samples  collected  were  visually  clean  and  were  not 
washed  prior  to  analysis.    There  were  several  reasons  for  this: 

(a)  there  appears  to  be  a  minor  but  continuing  dispute  among 
scientists  as  to  the  practical  significance  of  analytical 
results  based  on  washed  versus  unwashed  vegetation  samples, 

(b)  animals  (domestic  or  wild)  grazing  on  vegetation  growing  on 
mineral  tailings  areas  (or  any  other  type  of  industrial 
solid  waste)  will  consume  the  plant  (usually  excluding  the 
root)  in  its  unwashed  condition, 

(c)  straw,  hay  or  any  other  related  agricultural  product 
harvested  from  a  mineral  waste  area  will  consist  of  the 
vegetation  in  its  unwashed  condition. 

THIS  REPORT  CONCERNS  ITSELF  WITH  THE  PRACTICAL  ENVIRONMENTAL 
IMPLICATIONS  OF  METAL  ETC.     LEVELS  IN  (AND  ON)  VEGETATION  GROWING  ON 
INDUSTRIAL  SOLID  WASTE  DISPOSAL  SITES  IN  ONTARIO. 
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APPENDIX  B 


M.O.E.  ANALYTICAL  DATA 
VEGETATION  SAMPLES 


CATTAIL 

FIELD  HORSETAIL 

BIRCH 

POPLAR 

GOLDENROD 

TAMARACK 

BASSWOOD 

ASPEN 

OAK 

MUSTARD 

FLEABANE 

VETCH 

MAPLE 

WILLOW 

TREFOIL 

PURPLE  CLOVER 

YELLOW  CLOVER 

EVERGREENS 

MISC.  GRASSES 

NOTE :      All  results  are  expressed  as  "parts  per  million" 
and  are  based  on  dry  vegetation  samples.  See 
Appendix  A  for  further  explanations. 
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APPENDIX  C 
General  Discussion 
Factors  Affecting 
the 

Accumulation  of  Substances 
by  Plants 


Factors  Affecting  the  Accumulation  of  Substances  by  Plants 


1.    TYPE  OF  PLANT 


Plants  differ  considerably  not  only  in  their  relative  power  to 
accumulate  elements  from  the  soil  of  a  given  composition  but 
also  in  their  response  to  increasing  or  decreasing  amounts  of 
the  soil  constituents  under  consideration.    Each  species  may 
have,  however,  a  characteristic  mineral  uptake  which  usually 
compensates  to  a  considerable  extent  for  an  excess  or  deficiency 
of  a  particular  element  in  a  soil.    Elemental  accumulation 
depends  to  some  extent  on  the  class  of  plant  involved.    In  ■ 
general,  the  smaller  and  more  primitive  the  species,  the  greater 
the  enrichment  coefficient  for  a  particular  element  (enrichment 
coefficient    _    concentration  in  plant 
concentration  in  root.) 

One  reason  for  the  different  degree  of  accumulation  is  probably 
that  elemental  concentrations  in  tissues  may  be  a  function  of 
the  translocation  distance.    Because  the  ions  only  have  to 
travel  a  few  millimeters  to  the  leaves  of  lowly  bryophytes, 
elemental  concentrations  should  be  far  higher  than  in  the  leaves 
of  a  large  tree  with  a  long  translocation  distance  between  roots 
and  outermost  branches.    Another  reason  for  the  different  degree 
of  accumulation  may  be  due  to  the  different  type  of  transport 
mechanism  used  by  the  plant. 

2.    PLANT  ORGAN 

Specific  plant  organs  differ  in  their  relative  power  to 
assimilate  elements  from  the  soil.    Elements  are  more  likely  to 
concentrate  in  actively  growing  tissue  such  as  shoots. 

Within  individual  organs  there  is  sometimes  strong  evidence  for 
antagonistic  effects  between  different  pairs  of  elements. 
Translocation  distances  may  also  effect  the  relative  power  of 
plant  organs  to  accumulate  soi  1.  elements. 
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3.  AGE  OF  PLANT  OR  PLANT  ORGAN 

There  is  some  evidence  for  appreciable  variation  in  the 
elemental  content  of  plants  of  the  same  species  but  of  different 
ages.    There  is  also  strong  evidence  that  the  elemental  content 
of  certain  plant  organs,  particularly  leaves,  is  influenced  by 
seasonal  factors. 

4.  HEALTH  OF  THE  PLANT 

The  health  of  the  plant  may  affect  the  ability  of  the  plant  to 
accumulate  trace  elements. 

5.  THE  pH  OF  THE  SOIL 

Uptake  of  elements  by  plants  can  be  affected  by  the  pH  of  the 
soil.    Some  plant  species  are  particularly  well  adapted  to 
growth  at  either  extreme  of  the  pH  range.    For  example,  plants 
common  on  calcareous  soils  contain  very  little  soluble  calcium 
because  of  the  presence  of  intracellular  oxalate  which 
precipitates  calcium  as  calcium  oxalate. 


CONTRASTING  PROPERTIES  OF  CALCAREOUS  AND  ACID  SOILS 


CALCAREOUS 


ACID 


1.  High  in  Calcium 

2.  High  in  pH  &  Carbonate 

3.  Rich  in  Nutrients 


3. 


2. 


1. 


Low  in  pH;  no  carbonate 


Low  in  Calcium 


Poor  in  Nutrients 


4.    Solubility  of  Heavy 
Metal  Ions  Low 


4. 


Solubility  of  Heavy  Metal 
Ions  High 

Activity  of  Nitrogen  Fixing 
?i  Nitrifying  Bacterial  Low 


5.    Activity  of  Nitrogen 
Fixing  5  Nitrifying 
Bacteria  High 


5. 
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The  importance  of  pH  is  two-fold.    First,  the  pH  influences  the 
oxidation-reduction  equilibrium  and  the  solubility  and  ionic 
form  of  several  elements.    Drastic  changes  in  pH  can,  therefore, 
affect  the  availability  of  certain  elements  to  a  significant 
degree. 

Just  as  high  concentrations  of  heavy  metal  ions  in  acid  soils 
may  limit  the  growth  of  certain  plants,  their  low  solubility  in 
calcareous,  high  pH  soils  may  also  become  a  limiting  factor. 

The  second  aspect  of  pH  has  to  do  with  the  process  of  active,  ion 
absorption  since  hydrogen  and  hydroxyl  ions  have  an  effect  on 
plant  roots,  especially  on  the  ion  transporting  membranes  of 
root  cortical  cells. 

6.  DEPTH  OF  ROOT  SYSTEM 

The  depth  of  the  root  system  will  affect  the  degree  of  elemental 
uptake  from  the  soil  because,  in  general,  the  longer  the  root 
system,  the  less  enrichment  of  elements  in  the  upper  part  of  the 
plant.    The  difference  in  values  between  shallow  and  deep-rooted 
specimens  is  probably  a  reflection  of  the  greater  difficulty  of 
translocation  of  ions  through  a  long  root  system. 

7.  DRAINAGE 

Many  elements  become  more  mobile  under  waterlogged  conditions 
and  this  will  be  reflected  in  greater  uptake  by  plants. 

Although  increased  elemental  uptake  due  to  drainage  problems  may 
not  be  as  great  as  that  caused  by  a  genuine  anomaly,  any 
apparent  anomalies  associated  with  a  change  of  the  soil  moisture 
should  be  taken  into  account. 
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8.  ASPECT 


The  question  of  aspect  is  of  importance  in  elemental 
accumulation  by  plants.    For  example,  accumulation  of  elements 
from  the  soil  is  controlled  by  photosyntheti c  processes.  Uptake 
will,  therefore,  be  influenced  to  some  extent  by  the  intensity 
and  duration  of  the  light  received  by  a  plant. 

Daily  variations  in  rainfall  received  can  also  influence  mineral 
uptake  by  plants.  In  many  cases,  the  metal  contents  of  the  same 
plant  species  differ  between  sites  of  north  and  south  aspect  due 
to  the  combined  effects  of  soil  temperature  and  moisture  content. 

9.    MUTUAL  EFFECTS  OF  IONS 

In  respect  to  the  absorption  of  a  given  element,  the  presence  in 
the  soil  solution  of  another  element  may  slow  down  the 
absorption  of  the  given    element,  may  accelerate  it,  or  may  have 
neither  effect.    The  most  common  instance  of  the  first  kind  is 
competition  between  two  elements  such  that  one  element  inhibits 
the  uptake  of  another  element.    To  explain  these  effects, 
related  to  toxic  elements,  the  assumption  is  made  that  it  is  the 
result  of  some  degree  of  unselecti vity  in  absorption  and 
utilization  of  chemically  related  elements.    When  an  organic 
molecule  is  synthesized,  the  chance  of  substitution  of  the  toxic 
element  for  the  essential  nutrient  depends  on  the  proportionate 
availability  of  the  two. 

Often  the  rate  of  absorption  of  a  given  element  is  entirely 
indifferent  to  the  presence  of  another  element  as  shown  for 
absorption  of  potassium  in  the  presence  of  excess  sodium.  This 
selectivity  appears  to  depend  absolutely  on  the  presence  of* 
calcium  in  the  solution.    This  interaction,  however,  is 
difficult  to  explain. 
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FACTORS  AFFECTING  ELEMENTAL  UPTAKE  BY  PLANTS 


FACTOR 

Type  of  plant 
Organ  sampled 
Age  of  organ 
Root  depth 
PH 

Health  of  plant 
Drainage 

Availability  of  elements 
Antagonism  of  other  elements 
Rainfall 

Variable  shading 
Temperature  of  soil 


RELATIVE  IMPORTANCE 

Very  great 
Great 

Si  gni  f i  cant 

Si  gni  f icant 

Fairly  significant 

Fairly  significant 

Fai  rly  si  gni  f i  cant 

Minor 

Mi  nor 

Minor 

Mi  nor 

Mi  nor 
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APPENDIX  n 
General  Comments 
Toxicity  in  Plants 


It  has  been  suggested  that  elements  can  be  divided  into  three 
classes  according  to  their  toxicities  towards  plants: 

(1)  VERY  TOXIC 

Toxicity  synptoms  appear  at  concentrations  less  than  1  ppm 
in  the  substrate.    Such  elements  include  beryllium,  copper, 
mercury,  silver  and  tin. 

(2)  MOnERATELY  TOXIC 

Toxicity  symptoms  appear  at  concentrations  between  1  and 
100  ppm  in  the  substrate.    Examples  of  this  are  the 
transition  elements  and  most  of  the  elements  of  Groups  III, 
IV,  V  and  VI  of  the  periodic  table. 

(3)  RELATIVELY  NON-TOXIC 

Toxicity  symptoms  rarely  appear  at  concentrations  normally 
encountered  in  the  substrate.    Examples  of  such  elements 
are  the  halogens,  nitrogen,  phosphorus,  sulphur,  titanium, 
the  alkali  metals  and  the  alkaline  earths. 

The  above  classification  applies  to  vascular  plants  rather  than 
bryophytes  and  the  data  are  based  on  concentrations  of  the  elements 
in  nutrient  solutions  where  the  whole  concentration  is  assumed  to  he 
available  to  the  plant.    Where  plants  are  found  under  natural 
conditions,  substantially  higher  concentrations  of  these  elements 
can  be  tolerated  in  the  soil,  provided  that  availability  is  low. 

The  most  common  mechanisms  of  toxi'c  action  in  plants  appear  to  be  as 
fol 1 ows :  ,  . 

POISONING  OF  ENZYMES 

The  more  electronegative  metals  such  as  copper,  mercury  and  silver 
have  a  great  affinity  for  sulfhydryl  groups  which  are  reactive  sites 
for  many  enzymes.    The  enzyme  is,  therefore,  unable  to  function  and 
toxicity  results. 
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REPLACEMENT  OF  ESSENTIAL  NUTRIENTS 


Arsenate  and  chlorate  can  occupy  sites  normally  involving  phosphate 
and  nitrate  respectively.    Phosphorus  and  nitrate  deficiency 
synptons  can  therefore  appear  in  a  plant. 

PRECIPITATION  OF  ESSENTIAL  NUTRIENTS 

Elements  such  as  aluninun,  beryllium  and  titanium  readily 
precipitate  phosphate  rendering  it  unavailable  to  the  plant.  In 
this  way,  phosphorus  deficiency  can  result. 

CATALYTIC  HECOHPOSITION  OF  ESSENTIAL  NUTRIENTS  AND  METABOLITES 

Elements  such  as  lanthanum  have  a  strong  catalytic  action  on  the 
decomposition  of  metabolites  such  as  ATP. 

COMBINATION  WITH  THE  CELL  MEMBRANE  AND  REDUCTION  OF  ITS  PERMEABILITY 

Elements  such  as  copper,  gold,  lead  and  mercury  are  able  to  reduce 
the  permeability  of  the  cell  membrane  and  prevent  the  free  passage 
of  substances  such  as  sodium,  potassium  and  diverse  organic 
molecules. 

REPLACEMENT  OF  STRUCTURALLY  IMPORTANT  ELEMENTS  IN  A  CELL 

Some  elements  can  replace  others  in  a  cell  but  have  an  inert 
physiological  role.    Examples  of  this  type  of  replacement  are  the 
replacements  of  sodium  by  lithium  and  of  chlorine  by  bromine. 

I 
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APPENDIX  E 
ROUTINE  RELATIVE 


PARAMETER  LEVELS 


in 

VEGETATION 


The  following  is  a  brief  account  of  the  observed  routine  relative 
parameter  levels  in  the  species  of  vegetation  tested  for  this  report 


KEY 


(B)  Parameter  level  higher  in  plants  growing  on  "uncontaminated" 
(background)  sites 

(T)  Parameter  level  higher  in  plants  growing  on  "contaminated" 
(tailings)  sites 

(N)  No  routine  significant  difference  in  parameter  level  between 
plants  growing  on  "contaminated"  vs.  "uncontaminated"  sites. 
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(1 )  Nitrogen 


Cattail  leaves 

(N) 

Horsetai 1 

(B) 

Birch  leaves 

(N) 

Poplar  leaves 

(N) 

Aspen  leaves 

(B) 

Fleabane 

(T) 

Vetch 

(B) 

Maple  leaves 

(T)? 

Willow  leaves 

fB) 

Trefoil 

(B) 

Purple  Clover 

(N) 

Yellow  Sweet  Clover 

(N) 

Evergreen  Needles 

(B) 

Grasses 

(B) 

Conclusion:  Levels  in  plants  growing  on  tailings  not 

significant. 

(2)  Phosphorus 


Cattail  leaves 

(T 

Horsetai 1 

(B 

Birch  leaves 

(N 

Poplar  leaves 

(N 

Aspen  leaves 

(R 

Fleabane 

(N 

Vetch 

(N 

Maple  leaves 

(N 

Willow  leaves 

(B 

Trefoi 1 

(B 

Purple  Clover 

(N 

Yellow  Sweet  Clover 

(N 

Evergreen  Needles 

(B 

Grasses 

(B 

Conclusion:  Levels  in  plants  growing  on  tailings  not 

significant. 
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(3)  Potassi" un 


Cattail  leaves 

(T) 

Horsetai 1 

(N) 

Birch  leaves 

(N) 

Poplar  leaves 

(T) 

Aspen  leaves 

(T) 

Fleabane 

(T) 

Vetch 

(T) 

Maple  leaves 

(T) 

Willow  leaves 

(N) 

Trefoil  • 

(B) 

Purple  Clover 

(N) 

Yellow  Sweet  Clover 

(N) 

Evergreen  needles 

(N) 

Grasses 

(B) 

Conclusion:  Potassiun  levels  sometimes  elevated  in 

plants  growing  on  tailings  areas.  Not 
environmentally  significant. 
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(4)  Calciun 


Cattail  leaves 

(N) 

Horsetai 1 

(B) 

Birch  leaves 

(N) 

Poplar  leaves 

(N) 

Aspen  leaves 

(T) 

Fl eabane 

(T) 

Vetch 

(T) 

Maple  leaves 

(T) 

Willow  leaves 

(R) 

Trefoi 1 

(B) 

Purple  Clover 

(B) 

Yellow  Sweet  Clover 

(B) 

Evergreen  needles 

(T) 

Grasses 

(N) 

Conclusion:  Some  levels  elevated  in  plants  growing  on 

tailings  areas.    No  envi  ronrnental 
significance. 

(5)  Magnesium 


Cattail  leaves  (N) 

Horsetail  (B) 

Birch  leaves  (N) 

Poplar  leaves  (B) 

Aspen  leaves  (T) 

Fleabane  (T)? 

Vetch  (T) 

Maple  leaves  (N) 

Willow  leaves  (N) 

Trefoil  (T) 

Purple  Clover  (N) 
Sweet  Yellow  Clover  (T) 

Evergreen  needles  (N) 

Grasses  (B) 


Conclusion:  Elevated  in  a  few  cases  in  plants  growing 

tailings  areas.    No  environmental 
significance. 
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(6)  Sodium 


Cattail  leaves 

(B 

Horsetai 1 

(N 

Birch  leaves 

(B 

Poplar  leaves 

(B 

Aspen  leaves 

(T 

Fl eabane 

(T 

Vetch 

(B 

Maple  leaves 

(T 

Willow  leaves 

(B 

Trefoil 

(T 

Purple  Clover 

(N 

Yellow  Sweet  Clover 

(B 

Evergreen  needles 

(B 

Grasses 

(B 

Conclusion:  Elevated  levels  unconnon  in  plants  growing 

on  tailings.    No  environmental  significance. 

(7)  Sulphur 


Cattail  leaves 

(T) 

Birch  leaves 

(T) 

Poplar  leaves 

(T) 

Aspen  leaves 

(T) 

Fl eabane 

(T) 

Vetch 

(T) 

Maple  leaves 

(T) 

Willow  leaves 

(B) 

Trefoi 1 

(B) 

Purple  Clover 

(N)? 

Yellow  Sweet  Clover 

(T) 

Grasses 

(N) 

Conclusion:  Sulphur  levels  are  elevated  in  a  number  of 

plant  types  growing  on  tailings  areas.  Not 
of  environmental  significance. 


-  253  - 


(8)  $e1 eni um 


Cattail  leaves 

(T, 

)  Sulphides 

Horsetai 1 

(N] 

Birch  leaves 

(N  ] 

Poplar  leaves 

(T^ 

Sul phi  des 

Aspen  leaves 

F 1 eabane 

(d  > 

Maple  leaves 

Willow  leaves 

(N ' 

Tref oi 1 

(n; 

Purple  Clover 

(n; 

? 

Yel 1 ow  Sweet  CI  over 

(n; 

? 

Evergreen  needles 

(n; 

? 

Grasses 

Conclusion:  Levels  slightly  elevated  in  some  plants 

growing  on  sulphide  disposal  areas.  Nothing 
spectacular.    Probably  of  no  environmental 
concern. 


(9)  Boron 


Cattail  leaves 

(N 

Horsetai 1 

(N 

Birch  leaves 

(N 

Poplar  leaves 

(N 

Aspen  leaves 

(T 

Fl eabane 

(T 

Maple  leaves 

(T 

Willow  leaves 

(N 

Trefoi 1 

(B 

Purple  Clover 

(N 

Yellow  Sweet  Clover 

(N 

Evergreen  needles 

(N 

Grasses 

(T 

Conclusion:  Elevated  levels  in  a  few  instances  when 

plants  growing  on  tailings  areas.  Nothing 
extreme.    Of  little  environmental  concern. 
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(10)  Arsenic 


Cattail  leaves 

(T) 

Horsetai 1 

(Tj 

occasionally  high 

Birch  leaves 

(T) 

Poplar  leaves 

(T) 

Aspen  leaves 

(N) 

Fl eabane 

(T) 

high  levels 

Maple  leaves 

high  levels 

Willow  leaves 

(T) 

Purple  Clover 

(N) 

Yellow  Sweet  Clover 

(T) 

Evergreen  needles 

(T) 

sonetines  high 

Trefoil 

(T) 

moderate  levels 

Grasses 

(T) 

sometines  high 

Conclusion:    Levels  of  arsenic  routinely  elevated  in  plants 

growing  on  mine  waste  disposal  areas.    Due  to  its 
known  toxicity  to  humans  etc.,  arseni c  in 
vegetation  does  present  seridus  potential 
environmental  problems. 


(11)  Nickel 


Concl usi  on 


Cattail  leaves 

(T) 

moderate  levels 

Birch  leaves 

(T) 

Poplar  leaves 

(T) 

Aspen  leaves 

(T) 

high 

1 evel s 

Fl eabane 

(T) 

high 

1 evel s 

Maple  leaves 

(T) 

high 

1 evel s 

Willow  leaves 

(T) 

high 

1 evel s 

Trefoi 1 

(T) 

Purple  Clover 

(T) 

high 

1 evel s 

Sweet  Yellow  Clover  (T) 

Evergreen  needles 

(N) 

Grasses 

(T) 

sometimes  high  levels 

Nickel  levels  are 

routinely  elevated  in  plants 

growing  on  mine  waste  disposal 

sites.  A 

potential  environmental  problem, 
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(12)  Lead 


Cattail  leaves  (N)? 

Horsetail  (N) 

Birch  leaves  (N) 

Poplar  leaves  (N)? 

Aspen  leaves  (N) 

Fleabane  (B) 

Vetch  (T) 

Maple  leaves  (N)? 

Willow  leaves  (B) 

Trefoil  (B) 

Purple  Clover  (B) 
Sweet  Yellow  Clover  (T) 

Evergreen  needles  (T) 

Grasses  (N)? 


Conclusion:    Lead  levels  are  sporadically  elevated  in  plants 
growing  on  tailings  areas.    Given  the  known 
toxicity  of  lead  to  humans,  a  potential 
environmental  problem  exists. 


(13)  Cadmium 


Cattail  leaves  (N 

Horsetail  (B 

Birch  leaves  (N 

Poplar  leaves  (N 

Aspen  leaves  (B 

Fleabane  (B 

Maple  leaves  (N 

Willow  leaves  (B 

Trefoil  (N 

Purple  Clover  (N 
Yellow  Sweet  Clover  (N 
Evergreen  needles  (N 

Grasses  (N 


exception:  acid  sulphides 


Conclusion:    While  elevated  levels  do  appear  in  poplar  leaves 
(plants  growing  on  acid  sulphide  areas),  cadmium 
in  general  does  not  appear  to  present  an 
environmental  problem. 


-  256  - 


Chromi  um 


Cattail  leaves 

(T) 

Horsetai 1 

(N) 

Birch  leaves 

(N) 

Poplar  leaves 

(N) 

Aspen  leaves 

(T)? 

Fleabane 

(T) 

Maple  leaves 

(N) 

Willow  leaves 

(R)? 

Trefoil 

(N) 

Purple  Clover 

(T) 

Evergreen  needles 

(N) 

Grasses 

(T) 

Conclusion:  Levels  in  plants  growing  on  tailings  not 

environmentally  significant. 

I  ron 


Cattail  leaves 

(T) 

Horsetai 1 

(T) 

Birch  leaves 

(T) 

Aspen  leaves 

(T) 

Fl eabane 

(T) 

Vetch 

(T) 

Maple  leaves 

(T) 

Willow  leaves 

(B) 

Trefoi 1 

(N)? 

Purple  Clover 

(T)? 

Sweet  Yel 1 ow  CI  over 

(T) 

Evergreen  needles 

(T) 

Grasses 

(T) 

Conclusion:  Levels  are  elevated  in  plants  growing  on 

tailings  areas.    However,  due  to  the 
innocuous  nature  of  the  substance,  no 
environmental  impacts  are  anticipated. 
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Manganese 


OOtUul 1  ICuVCO 

\  IJ  • 

l-lnr<;pf  ail 

Pnnl  r)  r  1  pa \/p<^ 

\o  J  . 

A^npn  Ipflup^ 

\ '  J 

F 1  P3  hri  np 

(7) 

Vetch 

Mri  nip  1p;^\/p^ 

\° ) 

Wi 1 1 ow  1  eaves 

Trefoi 1 

(N)? 

Purple  Clover 

(T) 

Evergreen  needles  • 

(T) 

Grasses 

(B)? 

Conclusion:  Elevated  levels  are  seen  in  some  plants 

growing  on  tailings  areas.    However,  due  to 
the  nature  of  the  substance,  no 
envi ronnental .  impacts  are  expected. 


Copper 


Cattail  leaves 

(T] 

Horsetail 

(N] 

(T] 

sul phi  des 

Birch  leaves 

(T) 

Poplar  leaves 

(N] 

(T) 

acid  sulphides 

Aspen  leaves 

(N] 

Fl eabane 

(T] 

Vetch 

(T) 

Maple  leaves 

(N] 

Willow  leaves 

(N) 

Trefoi 1 

(B) 

Purple  Clover 

(N) 

? 

Sweet  Yel 1 ow  CI  over 

(T] 

? 

Evergreen  needles 

(Nj 

Grasses 

(T] 
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Concl usi  on : 


Zinc 


Conclusion: 


Copper  levels  are  commonly  elevated  in 
plants  growing  on  mineral  tailings; 
however,  these  levels  are  not  commonly 
highly  elevated.    Due  to  the  known  toxic 
effects  of  excessive  amounts  of  copper, 
potential  environmental  problems  exist. 


Cattail  leaves 

Horsetai 1 
Birch  leaves 
Poplar  leaves 

Aspen  leaves 
Fl eabane 
Vetch 

Maple  leaves 
Willow  leaves 
Trefoi 1 
Purple  Clover 
Yellow  Sweet  Clover 

Evergreen  needles 
Grasses 


(N)? 

(T)  acid  sulphides 

(T)? 

(T)? 

(N)? 

(T)?  acid  sulphides 

(T) 

(B) 

(B) 

(N) 

(T) 
(N) 
(N) 
(N) 

(T)?  acid  sulphides 

(T) 

(N) 

(T)  Non-Acid  Uranium 
Acid  Sulphide 


Levels  difficult  to  predict.  A  potential 
environmental  problem. 


-  259  - 


Al umi  num 


Cattail  leaves 


Horsetai 1 


Birch  leaves 
Poplar  leaves 

Aspen  leaves 
Fl eabane 
Maple  leaves 
Willow  leaves 
Trefoi 1 
Purple  Clover 
Evergreen  needles 
Grasses 


(N) 

(T)  Acid  and  Non- 
Acid  Sulphides 

(N) 

(T)  Acid  Sulphide 

Non-Acid  Uranium 
(N)  or  (B) 
(N) 

(T)  Acid  Sulphides 

(B) 

(N) 

(N) 

(B) 

(T)? 

(T) 

(T)? 

(N)? 

(T)  Acid  Sulphides 


Conclusion:  Probably  not  an  environmental  problem  in  the 

context  of  this  report. 


Molybdenum 


Cattail  leaves 

(T) 

Birch  leaves 

(T) 

Poplar  leaves 

(T) 

Aspen  leaves 

(T) 

Fl eabane 

(T) 

Maple  leaves 

(T) 

Willow  leaves 

(T) 

Trefoi 1 

(T) 

Purple  Clover 

(T) 

Yellow  Sweet  Clover 

(T) 

Evergreen  needles 

(B) 

Grasses 

(T) 

Conclusion:  Elevated  levels  in  plants  growing  on 

tailings  routine.  A  potential  environmental 
problem. 


260  - 


Cobalt 


Conclusions: 


Mercury 


Conclusion: 


Horsetai 1 

(T) 

Birch  leaves 

(T) 

Poplar  leaves 

(T) 

Aspen  leaves 

(T) 

Fl eabane 

(T) 

Maple  leaves 

(N)? 

Willow  leaves 

(B)? 

Trefoil 

(T) 

Purple  Clover  ■ 

(T) 

Evergreen  needles 

(N)? 

Grasses 

(T) 

Levels  commonly  elevated  in  plants  growing 
on  mineral  tailings  deposits.  A  potential 
environmental  problem. 


Cattail  leaves 

(B) 

Horsetai 1 

(B) 

Birch  leaves 

(N)  or 

Poplar  leaves 

(N)? 

Aspen  leaves 

(B) 

Fl eabane 

(T) 

Maple  leaves 

(N)? 

Willow  leaves 

(B) 

Trefoi 1 

(N)? 

Purple  Clover 

(T) 

Yellow  Sweet  Clover 

(B) 

Evergreen  needles 

(B)  or 

Grasses 

(N)? 

Always  presents  a  potential  concern.    In  the 
context  of  this  report,  however,  there  does 
not  seem  to  be  any  evidence  that  suggests  a 
serious  problem. 


-  261  - 


MOE/LEV/ALOL 

Hawley,   John  R. 
Levels  of  metals  and 
non  metals  in  alol 
c.l        a  aa 


MOE/LEV/ALOL  {^^^^ 

Hawley,  Jo^'^,  ^  and 
Levels  of  metals  ana 


Leve 
non  metals  in 

c.l        a  aa 


lol 


Bnwronment  Ontario 

Laboratary  Library 
125  ResoL/icss  Rd. 
>jke,  Ontario    iVlSP  3VQ 
Canada 


1 


